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1. Acute Bacterial Sinusitis.
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Medical Officer’s Review of NDA 20-634
Levaqui~-o (levofloxacin tablete) Tablets

Indication: Acute Bacterial Sinusitis due to Streptococcus
pneumonia, Moraxella catarralis, Hmmophilus dnfluenzae, or

Staphylococcus aureus
.-

Overview of Clinical Studies in Acute Bacterial Sinusitis:
1. Eivotal studies ccmductednrimarilv ~ted ~ :

1.1. MR92-04Q : A multicenter, randomized study to compare the
safety and efficacy of oral levofloxacin with
amoxicillin/clavulanate potassium in the treatment of acute
sinusitis in adults

1.2. v N93-006 : A multicenter, noncomparative study to evaluate the
safety and efficacy of oral levofloxacin in the treatment of acute
sinusitis in adults

2. ortive foreiun st~ :
2.1. F93-5501: A multicenter, noncomparative study to evaluate the

safety and efficacy of oral levofloxacin in the treatment of acute
sinusitis in adults (Not reviewed in this document)

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ------ --

Protocol: MR92-040

Study Title: A multicenter, randomized study to compare the safety

and efficacy of oral levofloxacin With

amoxicillin/cla-lanate potassium in the treatment of

acute sinusitis (due to Streptococcus p22eu2uoniae,

Moraxella catarralis, Haemophilus influenza, or

Staphylococcus aureus) in adults

Study dates: Date Study initiated: August 26, 1993

Date Study Completed: July 11, 1994

1. Study Objective:
The objective of.the study was to compare the safety and efficacy of levofloxacin

500 mg PO once a day for 10 to 14 days to amOXiCillin 500 mg/clamlanate 125 mg

PO three times per day for the treatment of acute bacterial sinusitis caused by
susceptible organisms, specifically Streptococcus pneumonia, Haemophilus
influenza, and Moraxella catarrhalisl.

.

1 StudyMR92-040FullClinicaland StatisticalReport, DocumentNumber335915.1,Vol 154.
Staphylococcus aureus was not listed as a pathogen in the original study objective, although the
company is requesting it as a pathogen in the label.
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Madlcal officer’s cwent: Staphylococcus ●ureus waa not listed ●m ● pathogen in the

original<tudy objective.●lthough the ●ponsor is requesting to li8t this organism ●n a
pathogen in tbe label. Aho, thim was not ● microbiologically controlled study, mo that

no informationregarding specific pathogens can be extracted fr~ this stud~

2. Protocol design:
The protocol was an unblinded, open-label, randomized, active=control,
multicenter study.

3. Diagnostic criteria:
The primary diagnosis of acute bacterial sinusitis was defined by clinical and
radiographic signs and symptoms of acute sinusitis:
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3.1. Clinical: Subjects with a diagnosis of acute sinusitis as
evidenced by the following signs and symptoms: including
fever, headache, purulent nasal discharge, facial pain,or
malar tenderness

3.2. Radiographic: Radiographic evidence supporting the diagnosis of
acute sinusitis including, but not limited to, maxillary
haziness, mucosal thickening, air-fluid levels.

3.3. Microbiologic: A microbiologic evaluation was not included in
the diagnostic criteria for this protocol.

4. Inclusion and exclusion criteria:
The inclusion/exclusion criteria for this protocol were as elaborated below.
There was no microbiologic evaluation incorporated into the study, thus only
clinical and radiologic criteria were incorporated into the inclusion/exclusion
criteria.

4.1. Inclusion criteria:

4.2.1. Inclusion Criteria as per Original Protocol dated

February 12, 1993:
Subjects could be included in the study if they satisfied the following:
1. Age: 18%r older
2. Sex: male or female
3. All subjects must be appropriate candidates for oral therapy. Patients in
nursinghomes could be enrolled if they were ambulatoryand were able to carry out
the activitiesof daily life.
4. Subjects with a diagnosisof acute sinusitisas evidencedby the following:

(i) signs and symptoms of acute sinusitis, including fever, headache,
purulent nasal discharge,”facialpain, or malar tenderness

[ii) radiographicevidence supportingthis diagnosis
5. If female, the subject must

(I) have been post-menopausalfor at least one year, or
(ii) have had a hysterectomy,or
(iii)have had a tubal ligation,or
(iv) have taken oral contraceptives for at least one month prior to

study entry, or agree to use spermicide and barrier methods
during the study, or

-. (v) use another acceptablemethod of contraceptionand agree to
continuewith the same method during the study.

6. If female and of childbearingpotential, the subject must have had
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(I) a normal menstrual flow within one month prior to study entry
(ii~; negative pregnancy test (serumP-subunithCG) immediately priorto entry.

If obtaining the serum pregnancy test result would cause a delay in
treatment, a subject may be entered on the basis of a nega=ve urine
pregnancytest sensitiveto at least 50 mIU/mL,pending resultsof the serum
pregnancytest. Subsequently,if the resultof the serum test was positive,
the subject must have been discontinued from the study and followed as
indicated.
7. Completionof the confidentialfollow-upform.
8. Reading end signing of the
Rights, if applicable) after
explained.

4.1.2. Inclusion Criteria as

informed consent (and California Bill of
the nature of the study had been fully

per Protocol Amendment #1 dated

February 24, 1994:
The inclusion criteria
for the clarification
bacterial sinusitis.

Exclusion criteria:

were unchanged from the original protocol except
of the definition of acute sinusitis to acute

4.2.1. Exclusion Criteria as per Original

February 12, 1993:
Subjects with any of the following criteria were

admission into the study:

1. Subjects with known HIV infection
2. Subjects with chronic sinusitis

protocol dated

not eligible for

3. Previous allergic or serious adverse reaction to levofloxacin,
amoxicillin/clavulanatepotassium,or any other membersof the quinoloneor beta-
lactam classes of antimicrobial
4. Calculated creatinineclearance less than or equal to 20 mL/min
5. Requirement of a second systemic antimicrobialagent
6. Effective systemic antimicrobialtherapy within 48 hours prior to admission
7. Use of an investigationalagent within 30 days prior to admission
8. Pregnancy or a nursing mother
9. Previous~reatment under this protocol
10. My disorderor disease that might interferewith the evaluationof the study
drugs
11. Presenceof any seizuredisorderor conditionrequiring the administrationof
major tranquilizers.

4.2.2. Exclusion Criteria as per Protocol Amendment #1 dated

February 24, 1994:
The exclusion criteria were unchanged from the original protocol except
for the following clarification of the definition of chronic sinusitis:

2. Subjects with chronic sinusitis (defined●s duration of current s~toma for
more than four weeks or more than two other epieodea of ●cute mixmaitimwithin the
previous twelve monthe)

7 5. Concomitant use of medications and other antimicrobial agents:
The appropriate use of antihistamines and decongestants during this study to
facilitate sinus drainage was to be encouraged. Use of these medications was to
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be noted on the CRF. The use of other medications during the study was to be
minimized .- Administration of nonstudy systemic antimicrobial was to he

245 prohibited, and aluminum-magnesium based antacids (e.g., Maalox ‘) .a&well as
mineral supplements or vitamins with iron or minerals were to be strongly
discouraged because of their potential to decrease the bioavailability of study
drug . However, if administration of an antacid was necessary, it was to be
administered at least two hours before or after levoflox~cin or

250 amoxicillin/clavulanate potassium administration. If the administration of any
other medication was required, it was to be reported on the subject’s CRF.

6. Efficacy Criteria per Sponsor:
Clinical Response Rating was to be assessed at posttherapy evaluation and at

255 poststudy (28 to 32 days after the end of therapy). The primary efficacy variable
was clinical response, assessed by the investigator as cured, improved, failed,
or unable to evaluate at each of these time points. The clinical cure rate was
to be evaluated by determining the percentage of clinically evaluable subjects
who were cured, and the clinical success rate was to be based on the percentage

260 of clinically evaluable subjects who were cured or improved.
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6.1. Posttherapy evaluation:
At the posttherapy visit (2 to 5 daYs after completion of therapy), the
investigator was to assess the clinical response as cured, improved,
failed, or unable to evaluate. The definitions for these assessments are
as follows:

Cured - Disappearance of signs and symptoms with radiographic evidence of
stabilization/improvement at the posttherapy visit with no further therapy required.
Improved - Incomplete resolution of signs and symptoms or incomplete resolution of
radiographic signs of acute sinusitis and no further therapy required.
Failed - No clinical reaponee to therapy or worsening of the radiographic evidence of
infection.
Unable to lhraluate- Subject did not return for follow-up evaluation.

6.2. Post-study evaluation
m the poststudy visit (28 to 32 days after the end of therapy), the
investigator was to again assess the clinical response for those subjects
with a successful outcome (i.e., cured or improved) at posttherapy. The
clinical response at poststudy was to be assessed as cured, improved,

relapse, or unable to evaluate. The definitions for these assessments are
as follows:

cured - Complete resolution of signs and symptoms.
Improved - Continued incomplete resolution of signs and symptoms with no deterioration or
relapse during the follow-up period and no further therapy required.
Relapse - Resolution or improvement of signs and symptoms at posttherapy visit but
reappearance or deterioration of signs and symptoms of the infection at Poststudy visit.
Unable to Svaluata - No Poatstudy evaluations.

290

7. Schedule and procedures for evaluation of efficacy criteria:
The presence or absenc_~ of five clinical signs and syn@oms of acute bacterial
sinusitis (facial pain, headache, fever, purulent nasal discharge, and malar

tenderness) was to be assessed at admission, at posttherapy (or early
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295 withdrawal) , and at poststudy (28 to 32 days after completion of therapy) . The
results =f=radiographic examinations (e.g., sinus X-ray, CT, US, MRI) were to be
reported as normal or abnormal at admission and posttherapy, and chananes from
admission to posttherapy were to be categorized by the investigator as resolved,
improved, worsened, or no change. Radiographic examinations were to be repeated

300 at the poststudy evaluation for subjects with suspected relapse. .-
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7.1. Clinical Evaluation at Baseline/Prestudy Evaluation:
The presence or absence of five clinical signs and symptoms of acute
bacterial sinusitis (facial pain, headache, fever, purulent nasal
discharge, and malar tenderness) and radiographic evidence of acute
sinusitis (mucosal thickening, air fluid levels)) were to be evaluated at
the time of enrollment (Day 1) .

7.2. Clinical Response Rating at Post-therapy Evaluation

(’Rvo to Five Days After Completion of Therapy)
At the post-therapy visit, two to five days after the end of therapy, the
investigator was to assess the clinical response as cured, improved,
failed, or unable to evaluate. The definitions for these assessments are

as follows:

Cured - Disappearance of signs and symptoms with radiographic evidence of
stabilization/improvement at the posttherapy visit with no further therapy required.
Improved - Incomplete resolution of signs and symptoms or incomplete resolution of
radiographic signs of acute sinusitis and no further therapy required.
Failed - No clinical response to therapy or worsening of the radiographic ●violenceof
infection.
Unable to Evaluate - Subject did not return for follow-up evaluation.

7.3. Clinical Respon6e Rating at Post-study Evaluation

(28 to 32 Days After Completion of Therapy)
At the poststudy visit, 28 to 32 days after the end of therapy, the -
investigator was to again assess the clinical response for those subjects
with a successful outcome (i.e., cured or improved) at posttherapy.

7.3.1. The clinical response at poststudy was assessed as cured, improved,
relapse, or unable to evaluate. The definitions for these assessments
are as follows:

Cured - Complete resolution of signs and aymptoma.
Improved - Continued incomplete resolution of a@ns and symptoms with no deterioration or
relapse duri”ngthe follow-up period and no further therapy required.
Relapme - Resolution or imprwement of signs and synptoms at posttherapy visit but
reappearance or deterioration of signs and symptoms of the infection at Poststudy visit.
Unable to Zvaluate - No Poststudy evaluations.

7.3.2. Radiographic examinations were to be repeated at the poststudy
evaluation for subjects with suspected relapse. The main findings from the
radiographic tests were also to be described.

7.3.3. Microbiologic evaluations were to be performed on patients with
suspected failure or relapse only as felt to be indicated by the
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8. Discontinuation from study:
..
.—

Subjects could be discontinued from the study due to adverse events, significant
protocol violation, intercurrent illness, treatment failure, or at the request

of the subject. At the time of premature withdrawal from the study, posttherapy
evaluations including evaluation of signs and symptoms, physical examination and
vital signs, culture and gram stain of sinus aspirate if indicated, and clinical
laboratory tests were to be performed. The investigator was to record the reason
for premature discontinuation on the subject’s CRF.

9. Evaluability Criteria:

9.1. Evaluability criteria as per Sponsor:

9.1.1. Evaluability criteria as outlined in Original Protocol

dated February 12, 1993:
To be evaluable for clinical efficacy, subjects were not to be classified
in any of the following categories:

1. Unevaluable for safety (no data available)
2. Unconfirmedclinical diagnosis (no recorded clinical

signs/symptomsat admissionor negative admission sinus X-ray)
3. Insufficientcourse of therapy
-Subject did not take the study drug for at least seven days
-Subjects who took the study drug greater than 48 hours but less than 7

days because they were judged a clinicalfailureby the investigator
were evaluable

4. Effective concomitanttherapy
-Subject took an effective systemic antimicrobialagent within 48 hours

prior to start of therapy, or followingtherapyprior to post-therapy
-If the subject took an effective systemic antimicrobialbecause they had

been judged by the investigator,they were evaluable.
5. Lost to follow-upbut relayad safety information
6. Other protocol violation,e.g.,
-post-therapy (End-of-therapyor EOT) visit was & 2-10 days after -

completion of therapy. The exception to this was when the patient
— was discontinued as a clinical failure at the EOT visit and this

visit was on the last day of therapy--this patient was evaluable
-subject failed specific entrance criteria
-subject recenteredthe study after discontinuation
-subject did not take at least 70% of the assigned study drug
-subject took study drug for more than 14 days (unlessdue to a

persistentpathogen)

—

■
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- . declared clinical failures at the posttherapy visit, but did not
have a poststudy follow-up, here the failure declared at post-
therapy was carried forward. ..

4. A symptomatic response could be evaluated at both the postt=rapy and
poststudy time points.

s. In terms of defining the time point for test-of cure, the amended
protocol specified that clinical evaluation at the postth&apy/EOT
(2-10 days posttherapy) visit was to be the primary clinical
endpoint. The medical officer chose to use the poststudy/EOS (28-32

days posttherapy) evaluation as the primary clinical endpoint: the
rationale for this decision are delineated in the following
paragraphs.

5.1. With regard to establishing time point for follow-up after
treatment of acute bacterial sinusitis, both (1) the natural history
of the dieease and (2) the half-life of the antimicrobial agent
under investigation need to be taken into account.

5.1.1. In regard to the natural history of acute bacterial
sinusitis, there are multiple sources in both the medical and
otolaryngology literature that suggest that acute sinusitis should
resolve within 3 weeks:

465

470

475

480

3 Frazier LW, Corey GR. Acute Bacterial Sinusitis. ~ 47(3):115-7, 1986.

4 Richtsmeier WJ, Medicaland SurgicalManagementof Sinusitisin Adults.
101:46-50,1992.

5 GodleyFA.ChronicSinusitis:An tlpdate.~ 45(5):2190-8,1992.

6 MelenI. ChronicSinusitis:Clinicaland PathophyeiologicalAspects.~
SUPP1151:45-8, 1994. —

7 Gwaltney JM. Therapeutic approach to sinusitis: Antiinfectious therapy as the baseline

of management. ~ 103:S76. 1990.
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5.1.2. The windows for follow-up after an episode of acute bacterial
- “ sinusitis “will be the same for patients treated with ~

antimicrobial agent with a relatively abort half-life. It-&’only in
the case of a prolonged half-life that the window for follow-up
needs to be extended because blood levels and tissue levels persist
far beyond the last dose of the antimicrobial drug . For
levofloxacin, whose serum half-life is 6.34-6.39 hou.is”in the
clinical tablet, the window of follow-up can be the same as for
other antibiotics with relatively short half-lives.

5.1.2.1. The XDSA Guidelines recommend standard follow-up after an
episode of acute bacterial sinusitis as follows:

5.1.2.2. Recent regulatory precedent for the appropriate time point
for test of cure has been established in other reviews of
antimicrobial agents with short half-lives for the indication of
acute bacterial sinusitis :

505

510

515

—
520

525

—

8 Chow AW, et.d. General Guidelines for the evaluation of New Anti-Infective Drugs for
the Treatment of Respiratory Tract Infections: Sinusitis. ‘~15(SuPP1 1): 77, 1992.

9 Lsissa B. Medical Officer’s Review of NDA 50-621. Suppl.004, 014, 015, 016, P.B4--BS,p.

C14, final draft 05-Dsc-91. —

1° Rakowsky A. Medical Officer’s Review of WDAS 50-664 and 50-66S, Supplement 003, p.oe,
final draft 21 May-95.

-——
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Thus, the basis for the decision to use the gOS evaluation (28-32
days posttherapy) as the primary clinical endpoint was based on the
fact that: (1) the original (2-5 days posttherapy) and th~extended
(2-lo days post-therapy) windows for the EOT visit were to early in

the course of the disease to be definitive time points for test-of-
cure, since the accepted duration of (treated) bacterial sinusitis
is three weeks, and (2) while the EOS evaluation (28=32 dayS

posttherapy) may not be the optimal time point for test of cure
(because relapses at this late a the point may not be definitively

attributed to the study drug), this later time point was superior to
the earlier time point for the test-of-cure evaluation, since it
beyond the time point at which acute sinusitis should have fully
resolved and thus is a more stable point estimate.

regards to categorization of the clinical response, the sponsor
defined the clinical response at both the EOT and the EOS visits according
to the “cured-improved-failed-relapsed” scale delineated in sections 7.2
and 7.3.1 above. The medical officer considered that, since both the
medical and otolaryngology literature would suggest that acute sinusitis
should completely resolve within 3 weeks, the category of “improved~~ was
not applicable to the evaluation at the EOS visit. Thus, the clinical
evaluation at the EOS visit was changed to a dichotomous variable
“cure\failedm, predominantly on the presence or absence of the w of the
major/cardinal signs/syz@oms of acute bacterial sinusitis as defined in
the inclusion criteria of the study protocol:

-r—-

The basis for this decision are documented in the following paragraphs -
taken from the ~ and medical literature:

—

.
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11 Frazier LW, Corey GR. Acute Bacterial Sinusitis. ~ 47(3):115-7, 1986.

12 Richtsmeier WJ, Medical and Surgical Management of Sinusitis in Adults. ~ o~~

~~ 101:46-50, 1992.

13 Godley FA. Chronic Sinusitis: An Update. Am Pam Phys 4S(5):2190-8, 1992.
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Furthermore, synptoms indicative of treatment failure in acute -s-inusitis
may be subtle: the only symptom present in a case of treatment failure may
be the persistence of purulent nasal discharge. Gwaltney summarizes the
issue in the following:

7. In regards to categorization of minor symptans/signs (such as isolated
congestion and post nasal drip (PND), that were not cardinal signs and
symptoms of acute bacterial sinusitis (as defined by the inclusion
criteria of the protocol) the medical officer attempted to determine if
these were attributable to (1) pre-existing allergic rhinitis or chronic
sinusitis or (2) represented a cohort of patient who were treatment
failures progressing into subacute/chronic sinusitis.

There exists debate in the literature regarding the
chronic sinusitis. There are authors who argue that
arises primarily from chronic obstruction of the sinus
anatomic abnormalities of the osteomeatal complex

pathophysiology of
chronic sinusitis
ostia secondary to
through which the

sinuses drain into the nosel’. Others argue that it generally arises from

untreated, partially treated or treatment failure of acute sinusitis’.
Patients with chronic sinusitis rarely present with spiking fevers,
purulent discharge and peripheral leukocytosis. Instead, they present
with a constellation of symptoms which usually includes not only the
“triad” o~ chronic sinusitis (sinus congestion, postnasal drip, and
fatigue), but also retrobulbar pressure/headaches, daily facial pain,

14MelenI. ChronicSinusitis:Clinicaland PathophysiologicslAspects.&*a 0+~
Suppl151:45-8,1994.

15GwaltneyJM.Therapeuticapproachto sinutiiti.e:AntiInfectious therapy as the baseline

of management. ~ 103:876, 1990-

16 Gwaltney JM. The microbial etiology and antimicrobial therapy of adulta with acute
community acquired sinusitis: A fifteen-year experience at the University of Virginia and review
of other selected studies. ~ 90:457-62, 1992.

17 Messerklinger W. On the drainage of the normal frontal sinus of man. ~
63:176-81, 1967; Stammberger H. Sndoscopic endonasal surgery-concepts in the treatment of
recurrent sinusitis. 94:143-56, ~86; Stammberger H. Nasal end
paranasal sinus endoscopy. ~ 18:213-8, 1986.

18 Kern EB. Suppurative (bacterial) sinusitis. ~ 81(4):194-210, 1987.
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daily headaches for several weeks, ear pain, and ear blockagelgo of

particular note,. ‘Nasal airway obstruction and post-nasal drip may be the
only complaintsNzo. Because of the subtly of symptoms comprising the
syndrome of chronic sinusitis, the medical officer applied the~ollowing
criteria to the analysis of the ‘minor symptoms* of nasal congestion and
postnasal drip remaining at the EOS visit:

8. In

.-

(i) if the subject has a history of allergic rhinitis AND had
resolution of all major symptoms of sinusitis, these symptoms
were attributed to the allergic rhinitis;

(ii) if the subject had ANY other symptoms of acute sinusitis,
these symptoms were considered indicative of clinical failure;

(iii) patients with congestion and/or PND WITHOUT other signs
and symptoms of sinusitis or a history of allergic rhinitis
were evaluated as a separate subset to determine whether, if

this cohort was treated as clinical failures that were
progressing into a subacute/chronic sinusitis, this would
affect the relative cure rates of the two treatment arms.

regards to the use of concomitant antibiotic therapy from the time
of enrollment through the end-of study visit,

-.
the following criteria were

applied:

(i) A patient was fully clinically evaluable only if the
patient did NOT receive concomitant antibiotic therapy:

Within 48 hours prior to enrollment in the protocol

During the treatment period
From the end of the treatment period to the poststudy evaluation
At the evaluation for clinical-relapse -

(ii) if the patient received an alternative antibiotic
there was clear documentation of an alternative diagnosis
which the other antibiotic was prescribed, the patient
categorized as clinically unevaluable;

(iii~ if the patient received an alternative antimicrobial
there was no documentation of an altamative diagnomis

for
was

for
which the alternative antimicrobial may have been prescribed,
the patient was designated a clinical failure and clinically
evaluable (only) as a treatment failure.

9. Subjects must have completed ax-adequate course of therapy of either
study drug, with “adequate course” defined as follows:

—

(i) for patients designated as a clinical cure at EOS, a
minimum of 7 days or 70% of the minimum dose specified by the
protocol;

19 Godley FA. Chronic Sinusitis: An Update. ~ Fam P- 45(5):2190-2199, 1992;

20 Kern AB. ~. 81(4): ~98.
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(ii) for patients designated a clinical failure at EOS, a
-- minimum of 72 hours of study drug was to have been taken;

(iii) for the levofloxacin arm, no more than 2 missed doses
within the dosing interval requiring extension of the do=ng
inteml to complete the full 10-14 doses of therapy.

10. Symptomatic response ‘unable to evaluate” at either the EOT-o~ the EOS

evaluation remained disqualified from the efficacy analysis. The

exception to this was a patient who was declared a clinical failure during
therapy or at the EOT visit: this failure was carried forward as
“evaluable” regardless of the EOS evaluation.

675

—

—

—
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10. Investigators and study sites:
Protocol*92-040 was conducted by 28 investigators at a total of 33 separaee
sites, all within the United States. These are summarizedin Table lQ below.,–— —-

Table 10.1: Investigators and Study Sites (Protocol MR92-040)

8tu* S&dsl .-

Jeffrey Melglanc, M.D. Dsllas Clinical Research, Inc., Dallas, TX; USA
TYinityprofessionalPlaza,Carrollton,TX; USA

JamesApplegate,M.D. Familycare,Wyoming,MI; USA
FamilyCare,Grand Rapids, WI; USA

Lee Bruner, 111.D. Ochsner Climic of Baton Rouge, Baton Rouge, LA; USA

AllahR. Cass,M.D. The Univ.of Texas Medical Branchat Galveston,Galveston,TK; USA

Ricco Caisson, M.D. Caroline Bar, Nose and Throat, PA, Orangeburg, SC; USA

C. Andrew DeAbate. M-D. Metairie, LA; USA; New Orleana, LA; USA
Walden Health Care, Kenner, IA; USA

David L. Dworzack, M.D. Bny Town National Research Institute, Omaha, NE; USA

Thomas B. Edwards, U.D. Albany Medical College, Albany, NY; USA

James V. Felicetta, M.D. Carl T. Nayden VANC, Phoenix, AS; USA

Robert A. Fiddes, M.D., J.D., F-C-L-M. Southern California Research Institute, Whittier, CA; USA

Claude B. Goswick, Jr., M.D. G k S Studies, Inc., Bryan, TK; USA

Jay Grossman, M.D. Allergy Care Consultants, Ltd., Tucson, AS; USA

Guy H. Handley, H-D. Birmingham, AL; USA

William M. Hunter, M.D. Lovelace Scientific Reanurces, Albuquerque, NW; USA

Boris Kerzner, M.D. Pikesville, ND; USA

Craig F. LaForce, M.D. Carolina Allergy & Asthma Consultants, P.A., Raleigh, NC; USA
Caroline Allergy & AsthmaConsultants, Chapel Hill, NC; USA

Oevid Levine, D.O. Brouard Pamily Health Center, Ft. Lauderdale, FL; USA
—

Benjamin LWY, M.D. Nertford Center For Clinicel Research, Nertford, CT; USA

J. Tyler Martin, M.D. Norfelk, NE; USA

Phillip McElvaine, M.D. El Paso, TX; USA

Carl H. Nechtman, M.D. Noh CliniC, Birmingham, AL; USA

David S. Pearlman, U.D. Colorado Aller& AsthmaClinic, P.C., Aurora, CO; USA

Anthony D. Puopolo, M.0. Milford Emergency Aaaoc. , uilforal,NA; USA
High St. Medical Center, Clinton, NA; USA

Lance A. Rudolph, M.D. New Mexico Medical Group, P.C., AlbuquerWe, NW; USA

Joel P. Smith, Jr., H.D., P.C. Atlanta Medical Associates, Atlanta, GA; USA

Alan A. Wanderer, M.D. Allergy & Asthma Consultant and Research Center, P.C.,
Bnglewond, CO; USA

William J. Stein, N.D. Rochester, NY; USA

Welby Winstead, u.D. Louisville, KY; USA
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11. Study Population:
Six hundred fifteen (615)subjectswere enrolled in this study. The intent-ta-
treat groups include 307 subjects who were randomized to the levofloxacin
treatment group and 300 subjects who were randomized ‘to the
amoxicillin/clavulanate treatment group. One subject ~ randomized to the
levofloxacin group actually received amoxicillin/clavulanate; hence, the numbers
of subjects who received levofloxacin and amoxicillin/clavulanate wei% 306 and
309, respectively. This one misdosed subject who received amoxicillin/clavulanate
instead of levofloxacin was clinically evaluable and, therefore, is included in
the analyses based on clinically evaluable subjects. The clinical response for
this subject was ‘improved” at the posttherapy evaluation and “cured” at the
poststudy evaluation.

Table 11.1
er of subiectB bv~s (3ro~ Studv @ter (studv MR92-040)

jrsvestiaator
Ad&glass
App@ate

Edwards
Feiiitls
Fm
Goswick
Gmarnan
Harway
Hunter
Ketznar
LaFosce
Levine
Levy
Martin
McEIvaine
NacMrnen
Pearirnsn

Slniltr
stein
WarWer
MWaad

&dloxacin
ModifiadlDtent-t*Trea~ ClinicallvEvauabi<

i8 16 (6’8.9)
3 3 (100.0)
5 5 (100.0)
5 4 (80.0)
17 15 (66.2)
35 34 (97.1)
o 0
14 14 ;100.0)
1 1 (100.0)
12 4 (33.3)
16 16 (100.0)
9 9 (100.0)
14 13 (92.9)
9 9 (100.0)
3 3 (100.0)
15 12 (80.0)
1 1 (100.0)
4 3 (75.0)
1 1 (100.0)
28 20 (71.4)
20 16 (80.0)
7 7 (100.0)
16 14 @7.5)
5 5 (100.0)

— 12 10 (63.3)
16 15 (93.8)
19 17 (69.5)
1 0 (0.0)

@oxicNitiClavulana@
WM lntenl-&Trea~ ClinicallyEvaluabl

18 16 (100.0;
3 2 (56.7)
6 5 (83.3)
4 4 (100.0)
15 13 (66.7)
36 32 (88.9)
1 1 (100.0)
16 16 (100.0)
1 0 (0.0)
12 9 (75.0)
18 16 (100.0)
8 0 (100.0)
13 12 (92.3)
10 7 (70.0)
3 2 @6.7)
16 14 (87.5)
1 1 (100.0)
4 3 (75.0)
t (100.0)
29 L (69.0)
18 16 (8&9)
7 6 (65.7)
16 14 (87.5)
4 4 (100.0)
13 12 (92.3)
15 12 (60.0)
19 16 (64.2)
2 2 (100.0)

TOTAL 306 267 (67.3) 306 266 (86.7)

.
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12. Efficacy as per sponsor:

12.1. -fl~dy Population
The sponsor emphasized efficacy data from the clinically evaluable -p, with
a less detailed description of supportive results from the modified intent-to-
treat groups.

.-
Table 12.1

Numbers of Subjects and Sutmnaries for Each Analy8i8 Center

klmkiwcldma@ 2W 309 me m
Tmmwnt GmqJ

kdysesa%nm=i~
Pmformd

tbmOgqJhic$

EHU8 dllw~
ati h-
~s
Rachoga#icFi~

&dvus@Ewtus x
MOluclly%& x
Vd Si17u x

x

x

x

x

x

x

x

x

x

x

x

x

780

7B5

790

795

12.1.1. Demographic Characteristics of Intent-to Treat Cohort:
Six hundred fifteen subjects were enrolled in this study at 28 centers.
The intent-to-treat groups include 307 subjects who were randomized to the
levofloxacin treatment group and 308 subjects who were randomized to the
amoxicillin/clavulanate treatment group. One subject ~ randomized to
the levofloxacin group actually received amoxicillin/clavulanate; hence,
the numbers of subjects who received levofloxacin and
amoxicillin/clavulanate were 306 and 309, respectively. This one misdosed -
subject who received amoxicillin/clavulanate instead of levofloxacin was
clinically evaluable and, therefore, is included in the analyses based on
clinically—evaluable subjects. The clinical response for this subject was
“improved” at the posttherapy evaluation and “cured” at the poststudy
evaluation. The demographic and baseline (admission) characteristics for
the modified intent-to-treat groups are summarized in below and were
comparable between the levofloxacin and amoxicillin/clavulanate treatment
groups. The mean age for all subjects was 38.9i13.4 years with a range of
18 to 85 years. Women accounted for 63.4% of all subjects enrolled, and
Caucasians for 73.0%. There were no statistically significant differences

(P’O.27) between the two treatment groups for any of the demographic
features tested (i.e., age, sex, race) for any of the analysis groups.
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Table 12.1.1.A

Demographic and Baseline Characteristics: ..

Modified Intent-to-treat Subjects (Protocol M92-040) “—

Ladimdi An’dd&c=cdmac (J%%
ND rw No (m ~ .-

%
mm 115 (37.s 110 C3SQ z me
Walnal 131 @4 1s 164.Q E-l

R8a
Cuaashn
Wd(
Orienal
Hbparic

Asa&d

4644
●6s
N
MM-I?50
R-

Wtigh! Ilb]
N
McrdSO
Range
Missing

Height(in)
N

220 rfu
44 (14.4

(l.0)
: 0211
2 [0.71

216 (7O.Q
(23.31

: C5.61

332i13.9
-

302
1w.0i43.4

-p

301

229 n4.1)
; n4.a

(a3)
34 (11.a
1 la31

5

307

440 m .9
747 ~:
26

6’15“
3a3t13.4

6U6
lu).4i4 1
&

9
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805 12.1.2. Discontinuation/Completion Information
Of the 615 subjects enrolled in the study, 306 received IevOflOxacin md
309 received amoxicillin/clavulanate (modified intent-to-treat group). AS
shown in Figure 1, of the 293 subjects in the levofloxacin group with -
known discontinuation/completion information, 21 (7.2%) discontinued
therapy prZinaturely and 272 (92.8%) completed therapy according to the
regimen prescribed by the investigator. Discontinuation/completion
information is unknown for an additional 13 subjects who did not return
for the final visit. Of the 301 subjects in the amoxicillin/clavulanate
treatment group with known discontinuation/completion information, 27
(9.0%) discontinued therapy prematurely and 274 (91.0%) completed therapy.
There were an additional eight subjects in this group with unknown
discontinuation/completion information. The most common reason for
discontinuation in both treatment groups was an adverse event.

820

5
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Figure 12.2.A
Discontinuation/Completion Information:

Modified Intent-to Treat Cohort (Protocol M92-040)***

F615Subjects
Enrolled

.-

1
306 subjectsreceived Ievotloxach

I

-

309 aubjectareceived cefumxlmeaxetll

+21 swjects discontinued

***Note that the control am was mistakenly l~elled by the sponsor as Cefuroxime

835 axetil, when it should heve been amoxicillin/clavulanate

e4o Table 12.2
Reasons for Discontinuation of Therapy:

Modified Intent-to Treat Cohort (Protocol M92-040)

ArnoxkEhl
I.amftih clawIarlab

*n No, f%)’ No. (%)’
Aduer.xaEvent 11 ( 3a) 16 ( 6.3}
UhkalFaMme 6 ~20j 6 iati
PersonslReuOll 2 (o.~ 1 (0.3)
Otbr 2? (o.~ 4’ ( 1.3)

845
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12.1.3. Demographics of Clinically Evaluable Cohort: —
mo hundred sixty-seven (87.3%) subjects in the levofloxacin treatment
group and 268 (86.7%) subjects in the amoxicillin/clavulanate- ~reatment
group were clinically evaluable. The main reasons that subjects were not
clinically evaluable were inappropriate posttherapy evaluation date

(levofloxacin and amoxicillin/clatianate groups) and insufficient course
of therapy (amoxicillin/clavulanate group) . Modified Intent-to-treat
analysis categorizes patients according to the treatment actually
received, which takes into account the small percentage of dispensing
errors in the study. For this protocol, analysis for evaluability was
done on the cohort defined by Modified-Intent-to-Treat, which reassigned
one patient who inadvertently received amoxicillin/clavulanate instead of
levofloxacin. The demographic and baseline characteristics of the
subjects included in the clinically evaluable group were comparable to the
previously described modified intent-to-treat analysis group with respect
to age, sex, racial composition, and other baseline characteristics. There

were no statistically significant differences (ps0.27) found between the
treatment groups for the variables tested (i.e., age, sex, race) .

Table 12.1.3A
Primary Reasons for Clinical Nonevaluability:

Modified Intent-to-Treat Subjects (Study MR92-040)al

Inappropriate Posttherapy Ihraluation Date

IJnevaluable for Safety
Insufficient Course of Therapy
No Posttherapy Evaluation
Clinical Diagnosis Unconfirmed
Effective Concomitant Therapy

Other Protocol Violation
Total Unovaluable For Bfficacy

17 14
9 7
8 15
4 1
1 2
0 1

0 lb
39 (12.7%) 41 (13.3%)

Subjects counted only once. b Subject- noncompliance with dosing instructions.

21 Adopted from Table 8, page 35, Vol.1.154.
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890 -- Table 12.1.3B
Demographic and Baselixm Characteristics: —

Clinically Evaluable Subjects (Study MR92-040)

895

Sar Men

900
Race

905

Age (Years)

910

Weight (Ih)
915

Height (la)
920

930

935

Caucaaian
Black
Oriental
Hispanic
Other

<45
46-64
>65
N
MesniSD
Range

N
t4esn*SD
Range
Missing

N
t4ean*SD

99 (37.1)
168 (62.9)

199 (74.5)
37 (13.9)
3 (1.1)
26 (9.7)
2 (0.7)

187 (70.0)
63 (23.6)
17 (6.4)
267
39.5*14.1
18-85

263
174.0*43.O
100-350
4

263
66. 5*4

e (N=2681
Ho. (%)

96 (35.8)
172 (64.2)

208 (77.6)
35 (13.1)
1 (0.4)
23 (8.6)
1 (0.4)

196 (73.1)
64 (23.9)
8 (3.0)
268
38.3*12.4
18-84

263
166.5t40.4
96-350
5

266
66.6i3.9

Range 57-76 56-76
Missing 4 2

NOT2: Values represent numbers of subjectsexceptas otherwise indicated.

825

12.1.4. Extent of Exposure.
The mean duration of therapy was 13 days for levofloxacin-treated subjects
and 12 days for amoxicillin/ clavulanate-treated subjects; the medians
were 14 and 12, respectively. At the time of admission there were no
subjects who were believed to have renal impairment, and no adjustment in
dosage was made for this reason. Three subjects required dosage
adjustments due to subject dosing errors. TWO levofloxacin-treated
subjects took levofloxacin b.i.d. before the dosage was
adjusted to once a day. One amoxicillin/clavulanate-treated subject-
mistakenly took study drug q12h on two separate occasions before the
dosage was adjusted to q8h.

—
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+0- Table 12.4
Extent of Exposure:

Modifiad Iatent-to-trtat Cohort (Protocol M92-040) —

Lwdlmacln AnmxicMWkiwukmate
Extant of~poatre (N=306)

~

(N=X19)
.-

Urknown
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
f?
18
19
21

22
23
MeimtSD

MecSan
Nunber of Doses

Total tih Doehg Information
Total Wmown Doehg Information
Meixr#3D
Medan

12
2
4

0
2

1
1

4
0
1

66
7

9
6

164
16

1
0
1

1
6

2
0

13.0?3.0
14

294
12

127i3.O
14

7
2
1

6
4

3
1

0
1
1

66
50

9
8

57
66
12

1
1
1
0
1
1

120S1
12

301
8

34.6*8.9
36

Rage l-2t l-m
NOTIS L?volloxach twd a q24h C&singathatilermdanoxlcikinfclawulanstehadaq6h

dosing schedule. The total @annsd IMetion ofttrerapy WS 10 to 14 days fcs both
treatment grol@s.

● DWS on tharspy was @kwd as (lae4day - fkQ day +1).

.

945 12.1.5. Compliance:
Subjects were to receive either one 500-mg levofloxacin tablet once daily
or one amoxicillin/clavulanate tablet containing 500 mg amoxicillin and
125 mg clamlanate every eight hours. The total planned duration of
therapy for both treatment groups was 10 to 14 days, but therapy could be
extended at the discretion of the investigator if indicated. A minimum of
seven days of therapy was required for subjects to be considered
clinically evaluable; subjects who had failed clinically (in the judgment
of the investigator) and had taken more than 48 hours of study drug were
not classified as unevaluable due to insufficient course of therapy. One
amoxicillin/clavulanate-treated subject ~ did not comply with the
dosing regimen (i.e., took only 12 tablets over an eight-day period)and
was, therefore, discontinued from the study. Most subjects took the study
medication according to the regimen assigned.
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12.1.6. Concomitant Therapies:
Colrtp%rablepercentages of subjects in the modified intent-to-treat groups
for levofloxacin and amoxicillin/clavulanate treatment took c~comitant
therapies.

12.1.7. Protocol Variations .-
There were no significant protocol variations reported during the study
except for the drug dispensing and dosing errors previously described
including one subject ~ in the amoxicillin/clavulanate group who was
discontinued for failure to comply with the dosing schedule. One subject
(415) in the levofloxacin group was discontinued from the study because it
was determined after the subject was admitted that she might possibly have
had a history of seizure disorders.

12.2. Efficacy Results as per Sponsor:
This section of the report focuses primarily on results of the primary efficacy
analyses of clinical response, based on the group of subjects evaluable for
clinical efficacy. The results from the modified intent-to-treat and intent-to-
treat groups were generally consistent with those from the clinically
evaluable group and are provided as attachments in the Supporting Data section
at the end of the text, with a brief description in this section for selected
variables.

12.2.1. Clinical Response to Treatment

12.2.1.2. Clinical Response Rating at Posttherapy Evaluation

(Two to Five Days After Completion of Therapy)
The clinical response to therapy for subjects who were clinically evaluable is
summarized by treatment group and study center in Table 12.2.1. below. Among
clinically evaluable subjects in the levofloxacin treatment group, 58.4% were
cured and 30.0% were improved, compared with 58.6% and 28.7% in the
amoxicillin/clavulanate treatment group. Thirty-one (11.6%) subjects in the
levofloxacin treatment group and 34 (12.7%) subjects in the -
amoxicillin/clavulanate treatment group failed treatment. In the modified intent-
to-treat group, levofloxacin treatment resulted in 54.2% cure, 30.4% improvement,

and 11.1% failure; 4.2% of subjects could not be evaluated;
amoxicillin/clavulanate treatment resulted in 53.7% cure, 30.1% improvement, and
13.6% failure; 2.6% of subjects could not be evaluated. Similar results were
found in the intent-to-treat group.
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Table 12.2.1

Clinical Response Rates By Investigator:
Sponsor’s Clinically Bvaluable Subjects (Protocol M92-040)—
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To allow for a dichotomous analysis of clinical response, the clinical response
categori~a ‘cured” and ‘improved” were combined into a single category of

1005 “Clinical Success”. Two-sided 95% confidence intenals around the difference in
clinical success rates were calculated to evaluate therapeutic equivalence
between treatments. Among clinically evaluable subjects, levofloxacin treatment
resulted in 88.4% clinical success while amoxicillin/clavulanate treatment
resulted in 87.3% clinical success, with a 95%.confidence interval of [-;.8, 4.6]

1010 for the difference (amoxicillin/clavulanate minus levofloxacin) in success rates.
ml of the treatment differences in this confidence interval lie below the upper
bound of 15% suggested by the FDA’s Anti-Infective ‘Points to Consider” guideline
for establishing clinical equivalence of treatments with success rates between
80% and 89%.

Table 12.2.2.
Clinical Success Rates and Confidence Inta=als at Posttherapy Revaluation

by Investigator: Sponsor’s Clinically Evaluable Subjects (Protocol M92-040)
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Confidence intervals computed for each study center with 10 or more clinically
evaluabl= subjects in each treatment group and for all other centers pooled
demonstrate the consistency of results across centers. The cure rates for the
two treatment groups for all centers combined were similar (=4% for
levofloxacin, 58.6% for amoxicillin/clawknate) , with a 95% confidence interval
on the difference in cure rates of [-8.4, 8.7] . Differences between treatment
groups in cure rates with associated 95% confidence intervals are pl-otted by
study center and analysis group. Similar results were generally obsenred in the
two treatment groups across study centers and analysis groups. The results
obse=ed for the evaluable subject group that indicate equivalence between
treatment groups were also obsened across various sex, age, and race subgroups.
In the modified intent-to-treat group, the clinical success rates for
levofloxacin and amoxicillin/clavulanate were 84.6% and 83.8%, respectively. To
evaluate consistency across all analysis groups in clinical success rates, 95%
confidence intervals for the difference in success rates are provided and
presented graphically. The individual confidence intenals for all of the
analysis groups are centered below zero and are consistent with therapeutic
equivalence of the two treatments regarding clinical success rates.

12.2.1.3. Clinical Response Rating at Poststudy Evaluation (28 to

32 Days After Completion of Therapy)
Clinical response rates at the poststudy evaluation are summarized and cross-
tabulated against clinical response rates at the posttherapy visit in Table

12.2.3 for clinically evaluable subjects who had a poststudy evaluation

performed. (Thirty-one subjects in the levofloxacin group and 34 subjects in the
amoxicillin/clamlanate group had failed at the posttherapy evaluation and were
not included in this analysis; an additional three subjects in each group did not
have poststudy evaluations performed). Of 233 levofloxacin-treated subjects who
were cured or improved at the posttherapy evaluation and had poststudy
evaluations done approximately four weeks later, only five had relapsed by the
time of the poststudy evaluation, including two (1.3%) of the 154 who had been
cured and three (3.8%) of the 79 who had improved. Among amoxicillin/clavulanate- -
treated subjects, the relapse rates were 1.9% and 7.9%, respectively, for
subjects who were cured or improved at posttherapy.

Table 12.2.3
Clinical Response Rate at Poststudy Evaluation:

sponsor’s Clinically Bvalusble Subjects (Protocol M92-040)

Lewfbzrn AmwlcUkXXauUlarmte
ChangefromA&niin fN&62\ b

0W6A
b

to PosttheraDY No. (%) No. (%)

Resolved 94 (36.9%) 93 (3S.6%)

Irl’ploved 121 (46.2%) 122 (46.6%)

Worsened 31 (11.6%) 28 (10.7%)

NoChange 16 (6.1%) 19 (73%)

“Ailsubjeckhd abnorrndradiographc findkgsatsdrnission.
-. bFivesubjectsin theledlo-rngroup andsixsub~tsrn the

anmxicillirtklavulanate motpdki nothaveaposttherwyrdiogWhcexarnir@bn.
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1060 12.1.4~ Clinical Signs and Symptoms
The proportionsof clinicallyevaluablesubjectswith resolutionof eac~clinical
sign and symptom of sinusitisbased on the posttherapyexaminationare presented
in Table 12.2.4. For both the levofloxacinand amoxicillin/clavulanatetreatment
groups, there was clearing of one or more individualsymptoms from adQssion to

1065 posttherapy in approximately 80% or more of the subjects.

Table 12.2.4.
~esolution of Clinical edgns and Symptoms at Posttlmrapy Evaluation:

Sponsor’s Clinically Bvaluable Patients (Protocol M92-040)
1070

. .
Anmxcillti

Lewfb= n Clavuienate

Signs& Syn-ptoms ResohrecP % Resolved’ %

Fzial Pain 2064?43 (66.6) 202Q43 ( S3.t)

Hea&he i96a34 (m.3) 192Q36 (m .4)

Fever 70176 (%2.1) 74174 (100.0)

Purulent Ned Discharge 2031249 (61.S) 199A?49 ( 79.9)

MeJa.rTenderness i67n79 (e3.3) 163/la3 (69.1)

●Sign/qrn@ompresentatdni.ssimamdabsentatpostthempyemluation
‘Derromnatorrepresen@nutierofsub~tswihthdsignorsymptomatdmksbn.

12.2.1.5. Radiographic Findings
The proportions of clinically evaluable subjects with resolution, improvement,

1075 worsening of, or no change in abnormal admission radiographic findings at the
posttherapy evaluation are presented in Table 12.2.5. Of 262 clinically evaluable
levofloxacin-treated subjects with abnormal admission radiographic findings who
underwent posttherapy radiographic examination, 215 (82.1%) showed either
resolution (35.9%) or improvement (46.2%); similarly, of 262 clinically evaluable

1080 amoxicillin/clavulanate-treated subjects, 215 (82.1%) showed either resolution

(35.5%) or improvement (46.6%).

1085

Table 12.2.5
Summary of Radiographic Findings at Posttherapy Evaluation:
Sponsor’s Clinically l?valuable Subjects (Protocol M92-040)

Levofloxa~ln Amoxfdllin/Clawlanate
Change from Admission (N 269). (N 262f’*
to Posttherapy No. (%) No. (%)

Resolved 94 (35.9%) 93 (35.5%)

improved 121 (46.2%) 122 (46.6%)

Worsened 31 (11.8%) 28 (10.7%)

No Change 16 (6.1%) 19 (7.3%)

‘Alisubjeds had abnormai radiographic findings at admiss ion.

bFive Subjects inthe ievofioxadn group and six sut+eds in the

amoxidliin/ciavulanate group did not have aposttherapy radiographic examination.
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12.2.6. Microbiologic Results for Subjects Who Failed Therapy
CulturesWZ!re obtained froInfour of the 65 clinically evaluable subjects who
failed therapy (twolevofloxacin-treatedand two amoxicillinlclavul~-treated
subjects). Cultures from three subjects did not produce any pathogen growth;
culture from the fourth (amoxicillin/clavulanate-treated) subject yielded
Ifaemoph.i2usaphrophilus, Eikenella corrodens, and Streptococcus miller~, all of
which were susceptible to both levofloxacin and amoxicillin/clawlanate.

12.3. Sponsor’s Summary of Efficacy Results
The objective of this study was to compare the safety and therapeutic efficacy
of 500 mg levofloxacin administered orally once daily for 10 to 14 days with that
of 500 mg amoxicillin/125 mg clavulanate administered orally thrice daily for 10

to 14 days in the treatment of acute bacterial sinusitis. Clinical response to
treatment (evaluated by the investigator two to five days posttherapy as cured,
improved, failed, or unable to evaluate based on clinical signs and symptoms and
radiographic findings) was the primary efficacy variable and was based primarily
on the group of subjectsevaluable for clinical efficacy. In all analysis groups
examined, levofloxacin was found to be both effective and safe in the treatment
of acute bacterial sinusitis.

The results obtained in this study for the levofloxacin and amoxicillin/
clavulanate groups are valid for comparison for several reasons. The two
treatment groups were determined by randomization and were comparable with
respect to demographics and other admission characteristics, premature
discontinuation rates, extent of exposure, concomitant medications, enrollment
at study centers, reasons for exclusion, and clinical signs and symptoms. Given
the similar composition of the two groups, any differences or similarities in
clinical response or adverse event profiles can be attributed to the individual
drugs . Levofloxacin treatment provided comparable clinical responses to those
observed with amoxicillin/clavulanate. When the clinical response categories of
“cured’! and “improved” were combined into a single category of “Clinical
Success”, levofloxacin treatment resulted in 88.4% clinical success for .

clinically evaluable subjects, while amoxicillin/clavulanate treatment resulted

in 87.3% clinical success, The 95% confidence interval of [-6.8, 4.6] for the
difference (amoxiciliin/clavulanate minus levofloxacin) in clinical success rates
supports therapeutic equivalence between the two treatments. Both treatment
groups also had similar percentages (approximately 80% or more) of subjects
experiencing resolution of one or more of the clinical signs and symptoms of
sinusitis: facial pain, headache, fever, purulent nasal discharge, and malar
tenderness. Similar low percentages of the subjects rated “cured” or “improved”
at posttherapy had relapsed within 28 to 32 days after the termination of
therapy; 2.1% and 3.9% of the total “cured” and ‘improved” subjects underwent
relapse in the levofloxacin and amoxicillin/clavuanate treatment groups,
respectively.

Levofloxacin was safe, well-tolerated, and effective in the treatment of subjects
with acute bacterial sinusitis. The clinical responses in the levofloxacin
treatment group were therapeutically equivalent to those observed in the
amoxicillin/clavulanate treatment group. These data support the efficacy of
levofloxacin for acute bacterial sinusitis.



c
30

..

13. Efficacy as per Medical Officer:

13.1. EDA Evaluable Patient Population
1055 Of the intent-to-treat cohort of 615 patients , the medical officer ~emed 529

patients (86% or 529/615) clinically evaluable: 263 in the levofloxacin arm and
266 in the amoxicillin arm. Of the 14% (86/615) that were clinically
unevaluable, the medical officer concurred with the sponsor’s ass~asment of
unevaluable in 57% (49/86) of cases. In 43% (37/86) of the cases the medical

1060 officer felt that patients deemed clinically evaluable by the sponsor were not
evaluable according the the PDA evalaubility criteria: these are summarized in
Table 13.1.A and Table 13.1.B, below. The reasons for nonevaluability for the
entire cohort of FDA Nonevalauble Patients is summarized in Table 13.2.A and
Table 13.2.B, located in the in the following Section 13.2.

1065

Table 13.I.A

FDA Clinically Evaluable Patients:
Subgroups of Sponsor’s Intent-to-treat Cohort (Protocol M92-040)

1
Intent-to-treat Cohort

1070 N (%)

615 (100%)

I Levofloxacin 306/615 (49.8%)
Amoxicillin/clavulanate 309/615 (50.2%) I

L

lr175 FDA ClinicallyEvaluable PDA ClinicallyUnevalueble
529 86

529/615 (86%) 86/615 (14%)

Levofloxacin Amoxicillin/ Levofloxacin Amoxicillin/
clavulanate clavulanate

263 266 43 43

1080 263/529 (49.7%) 266/529 (50.3%) 43/86 (50%) 43/86 (50%)

263/615 (42.8%) 266/615 (43.2%) 43/615 (7%) 43/615 (7%)

—
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Table 13.1.B
1085 —~ Demographic and Baseline Characteristics:

FDA Clinically Bvaluable Cohorts (Protocol M92-040) -_
..

FDA Clinically Evaluable Patients N (k)

ALL Levofloacacin Amoxicillin/cl~vulanate

N (%) N (%) N (%)

TOTAIJ 529 263/529 (sot) 266/529 (50%)

Sex
1090 M 196/529 (37%) 98/263 (37%) 98/266 (37*)

F 333/529 (63%) 165/263 [63tl 168/266 (63%)

Race
Caucasian 396/S29 (75%) 196/263 (75*) 200/266 (75*)
Black 73/529 (15%1 34/263 [13tl 39/266 [15%)

1095 Hispanic 54/529 [10%) 29/263 [11%1 25/266 (9%)
Aaisn 4/529 (<1%] 3/263 (1%) 1/266 (<1%)
Other 2/529 {<1%) 1/263 (<1*) 1/266 (<1%)

Age (yrs)
<45 379/529 (72%) 185/263 [70%) 194/266 [73%1

1100 46-64 124/529 (23%1 61/263 (23%1 63/266 {24k)
>65 26/529 [5%1 17/263 (6%1 9/266 (3%)
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13.2. Reasons For Nonevaluabilty: FDA Evaluable Pat5.ent
—= Table 13.2. A

Reasons for Nonovaluability:

Population

Patients Bvaluable by Spozmor but Nonevaluable by PDA

(Protocol M92-040)

Reason for Nonavaluability Levo Amex/c.lw Total
1110 Subgroups of reaaonn for Nonevaluability

Protocol violation 5 11 16
History of Chronic Sinusitis/Acute ticerbation of Chronic Sinusitis 5 10
History of Seizure Disorder

15
0 1 1

Exceeded 14 days of therapy: unevaluable as clinical cure 4 2 6

1115 Insufficient therapy 1 0 1

Concomitant Antimicrobial 2 2 4

Inadequate Clinical Evaluation: NO End-of-study (EOS) visit 4 2 6

TOTAL Reasons*** 16 17 33
TOTAL Patients 14 17 31

1120 ● *+ Patient was unevaluable because of both a history of chronic sinusitis and concomitant
antimicrobial. Patient -was unevaluable because of an extended course of antimicrobial and
no EOS visit.

Table 13.2.B.
Reasons for Nonevaluability: FDA Nonevaluable Patients (ALL)

5 (ProtocolM92-040)

113G

1135

1140

Reason for Nonevaluability

I
Levo I Aeox/clav

I
Total

Subgroups of reaaons for Nonevaluability

Insufficient Course of therapy 9 10 19

Clinical Diagnosis Unconfirmed o 1 1

Protocol violation 6 12 18
History of Chronic Sinusitis/Acute Exacerbation of Chronic Sinusitis* 6 10 16
History of Seizure Disorder o 1 1
Other o 1 1

Exceeded 14 days of therapy 4 2 6

Effective Concomitant Antimicrobial 2 3 5

Inappropriate clinical ●valuation 7 4 11

Inadequate Clinical Evaluation 17 11 28
No End-of-study evaluation/Lost-to-follow-up 17 10 27
Equivocal clinical data** o 1 1

TOTAL Reasons*** I 45 I 43 I 88
TOTAL Patients 43 43 06

I
● Patient was considered clinically unevaluable by the sponsor because of an inappropriate EOT

evaluation date, but the medical officer felt that his patient, who had a ~ato~ of sinus
surgery, had aymptomatology suggestive of chronic, rather than acute, sinusitis

1145 ● * Patient-was considered clinically unevaluable by the sponsor because of an inappropriate
EDT evaluation date, but the medical officer considered this patient clinically unevaluable
at the EOS visit because of contradictory data (symptoms of subacute/chronic sinusitis

-- without confirmatory X-ray evidence) ,.

● ** Patient- was unevaluable because of both a history of chronic sinusitis and the use of
1 .0 concomitant antimicrobial. Patient- was unevaluable because of an extended course of

antimicrobial and absenae of EOS visit
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13.3. Clinical Efficacy: FDA Evaluable Patient Cohort
The overall efficacy rate and efficacy rates by investigator were calculated for
the cohort of FDA evaluable patients, and these are summarized in T~~13.3.A,
below. The overall cure rate was 79% (209/263) for levofloxacin and 74%

(197/266) for amoxicillin/claml=ate, with 95% confidence inte=al around the
difference being (-13.0 to 2.2). Thus, the efficacy rates for the two-treatments
were statistically equivalent. The 95% confidence intewals around the
difference between treatment arms overlapped zero when calculted for each
investigative site, indicating that no one site biased the overall efficacy
result.

Table 13.3.A
Poatstudy Clinical Cure Rates and Confidence Intervals By Investigator:

FDA Clinically Evaluable Subjects (Protocol M92-040)

Investigator

Adelglass

Applegate
Bruner
Caas
Cassone
Deabate
13worzack
Edwards
Felicetta
Fiddes
Goawick
Grossman
Hsndley
Hunter
Kerzner
LsForce
Levine
Levy
Martin
McElvaine
Nechtman
Pearlmsn
Puopolo
Rudolph
Smith
Stein
Wanderer
Winstead

TotalC
-~
- Poststudy clln:

N

1s
3
4
5

13
33
0

14
1
7

16
7
13
9
3

10
0
3
1

21
18
3

15
5

10
16
18
0

263

Levofloxscin

Cure”

12 (80)
1 (33)
3 (75)

5 (loo)
9 (69)
32 (97)
o (-)
7 (50)
1 (loo)
7 (loo)
16 (100)
3 (43)
10 (77)
9 (loo)
1 (33)
7 (70)
o (-)

3 (loo)
o (o)

20 (95)
15 (83)
2 (67)
11(73)
4 (80)
5 (50)
15 (94) .
11 (61)
o (-)

209 (79)
~~
il outcome is defined by

Amoxicillin/
Clavulanate

N

18
2
5
4
13
32
1

15
1

11
18
7

12
a
2
13
1
2
1

20
14
4
16
3
10
1s
16
2

266

le rev

Cure”

11 (61)

1 (50)

4 (80)

3 (75)

8 [62)

30 (94)

1 (loo)

12 (80)

o (o)

9 (82)
17 (94)
2 (29)
12 [100)
7 (88)
1 (50)
9 (69)
1 (loo)
2 (loo)
o (o)
16 (80)
9 (64)
o (o)

10 (63)
1 (33)
9 (90)
11 (73)
9 (56)
2 (loo)

197 (74)

wing medical office

95% Confidence Intervalb

(-55.3, 17.5)

(-51.8, 36.5)

(-16.5, 10.1)

(-10,0, 70.0)

(-22.0,10.9)

(-7.8, 54.0)

(-47.5, 46.0)

(-39.9, 9.4)
(-s5.8, 17.7)

(-49.9, 28.2)

(-6.1, 86.1)
(-52.2, 11.4)
(-43.9, 34.2)

(-13.0, 2.2)

as either cure or
failure (i.e., no improvement category is used). Numbers shown in parentheses are
percentages for that category.

b Two-sided confidence interval for the difference (amoxicillin/clavuknate minus levofloxacin)
in poststudy clinical cure rate. This was calculated for investigators enrolling 10 or
more clinically evaluable subjects in each treatment group.

..—
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‘IIJOpatients with equivocal data were removed from the evaluable patient cohort.
patient.~was considered clinically unevaluable by the sponsor because of.~
inappropriate EOT evaluation date, but the medical officer felt- that this
patient, who had a history of sinus surgery, had symptomatology sug~stive of
chronic, rather than acute, sinusitis. Patient- was considered clinically
unevaluable by the sponsor because of an inappropriate EOT evaluation date, but
the medical officer considered this patient clinically unevaluable a~ the EOS
visit because of synptoms of subacute/ chronic sinusitis (congestion/purulent
discharge) with sinus X-rays without evidence of sinusitis. ~ would be added
to the levofloxacin are as a cure, and patient- would be added to the
amoxicillin/clavulanate azm as a failure. thus, addition of these two patients
to the evaluable patient cohort would have only served to improve the efficacy
of levofloxacin compared to amoxicillin/clavulanate. The evaluable patient

cohort used by the medical officer afforded a more conse-ative analysis of
efficacy.

It is of note that these overall cure rates do not take into account the
proportion of patients who had persistent PND at EOS evaluation, and thus may
represent a population of patients that had failed treatment, and, therefore,
might influence overall outcome. An analysis was done to (1) calculate a “worst

case” scenario, in which all of the cases of PND were counted as clinical
failures, and (2) investigate the proportion of patients who had a pre-existing
history of allergic rhinitis, and thus in whom the persistent postnasal drip

could be reasonably attributed to the underlying disorder of allergic rhinitis
and not to progression to subacute/chronic sinusitis and (3) investigate the
scenario under which only those patients with PND without a baseline history of

1235

allergic rhinitis were counted as clinical failures.

Table 13.3.B
Analysis of the relationship between baseline allergic rhinitis and

persistent postnasal drip at post-study evaluation in patients treated for
acute bacterial sinusitis: FDA evaluable patients (Protocol M92-040)

,.
All “* walu&l*;P~ti*ia~g; :{; :*:*&?e:iatierits!;.2$;ii. : ;2::;;’~, .~ilu*le,Pa&,&ts. -

..:$j.:::..fN=~2gj;~:“‘.:.::~::;:?. : ‘“:?~.,::.:..:.,.......
......:;.s.:>

““’~tifltiacin ~~~;};::;:fi: ;J?@+.c+%uqc:is++te ~“
:,:;..:.:.:..:.:...... ,::. .,.:.....w:..’. ... .: ‘:!!!;::;~@l@) ‘;::~?:~??? j.:j~.:”:”.““’:““,f5<2GG~,,,,,/:..... .. .,...,.,.,.......... ,,:.::............. ,...,. ,,:......... ..

,.~~ No PND Pm TOTAL NO PND PND TOTAL NO PND Pm TOTAL

Allergic 66 10 76 31 7 38 35 3 38

1240 Rhinitis 66/76 87k 10/44 9% 31/38 82% 7/22 32t 35/38 92V 3/22 14%
10/76 13* 7/38 18* 3/38 8*

No o 34 34 0 15 15 0 19 15

Allergic 34/44 77% 1s/22 68*
Rhinitis

19/22 86%

Total 66 44 110 31 22 53 35 22 53

1245

Thus , of all evaluable patients (combined treatment arms) 44/529 (8.3%) had

residual PND without other major synptoms of sinusitis at the EOS evaluation
50 (patients with PND_ln the setting of other major symptoms of acute sinusitis were

1 not included in this subgroup, but were counted as clinical failures) . When the

analysis was done by treatment arm, 22/263 (8.4%) in the levofloxacin arm and
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22/266 (8.3%) in the
EOS evaluation, and

Using the worse case

35

amoxicillin/clavulanate arm had isolated PND at the time of
thus may have represented treatment failures.

scenario, in which all of the 44 patients with Pm—at post-
study evaluation are counted as clinical failures, regardless of a history of
pre-existing allergic rhinitis at the time of admission, the cure rate for the
levofloxacin arm would be 71% (187/263) end for the amoxicillin/clavtil-mate ann
would be 66% (175/266). The 95% confidence interval around the difference
between these two cure rates is (-3.o to 13.6) .Thus, even in this theoretical
worse case scenario, levofloxacin meets DAIDP standards for therapeutic
equivalence to amoxicillin/clavulanate.

Of the 22 patients in the levofloxacin arm with PND, 7/22 (32%) had a history if
allergic rhinitis (AR), and, thus, the PND could be attributed to the underlying
AR. Of the patients in the amoxicillin/clavulanate arm with PND, 3/22 (14%) had
a history if allergic rhinitis, and thus the PND could be attributed to the
underlying AR. Thus , 68% (15/22) of patients with PND in the levofloxacin arm
and 86% (19/22) of patients with PND in the amoxicillin/clavulanate arm had no
underlying disorder to which the PND could be attributed and thus ,
hypothetically, may have represented treatment failures. Thus, if these
hypothetical failures were subtracted from their respective treatment arms, the
theoretical overall cure rate for the levofloxacin ann would be 74% (194/263) and
that for the amoxicillin/clavulanate arm would be 67% (178/266). Thus , if the
patients who had residual PND at EOS evaluation are counted as clinical failures,
it only increases the relative cure rate of levofloxacin in comparison to
amoxicillin/clavulanate.

1280



36

1285

1290

1295

1300

14. Safety

14.1. Data
A subject was

Evaluation ‘as per Sponsor:

Set Analyzed
included in the safety sumari.es

. .

if he/she received stu~rug and
any postadmission data were available. Subjects were classified according to the
drug that was received. Five hundred ninety-nine (97.4%) of 615 subjects enrolled
were evaluated for safety. Of the 599 subjects, 297 received levofloxacin and 302
received amoxicillin/clavulanate. Sixteen subjects (nine in the levofloxacin
treatment group and seven in the amoxicillin/clavulanate treatment group) were
lost to follow-up with no safety information and, therefore, excluded from the
safety analysis.

14.2. Overview of Safety Data
The most frequently reported adverse events in both treatment groups occurred in

the gastrointestinal (GI) and central and peripheral nezvous systems and
consisted primarily of nausea, diarrhea, and headache. The incidence of GI-
related adverse events was greater in the amoxicillin/clavulanate group (31.8%)
than in the levofloxacin group (15.8%), with the difference being statistically
significant. The most common adverse event, diarrhea, was reported by 19.9% of
amoxicillin/clavulanate-treated subjects, compared with 6.4% of levofloxacin-
treated subjects. Adverse events in the other body systems occurred in fewer than
10% of subjects and were comparable between the two treatment groups, except for
a statistically significant difference in psychiatric disorders (4.o% in the
levofloxacin group versus 1.0% in the amoxicillin/clavulanate group). Psychiatric
events in the levofloxacin group consisted primarily of insomnia (2.4% of

3 subjects) .The most frequently reported adverse events were muses, diarrhea, and
headache; nausea and headache were reported by similar percentages of subjects
in each treatment group (6.7% and 6.1%, for levofloxacin and 6.6% and 6.0%, for
amoxicillin/clamlanate) . In contrast, diarrhea was reported more frequently in
the amoxicillin/clavulanate group (19.9%) compared to the levofloxacin group

(6.4%).
Table 14.2.1

Incidence of Frequently Reported (>2%) Adverse Zvents:
Subjects Evaluable for Safety (Protocol I’492-040)

1310

I

Lwdlotann AmoMidw13mdmsh
IIW9n Wxel

No. WI Nb. rm

Alledy 8ysIms 114 m41 14s Na3
Gssuointathd8ystam~sOCdWS

Nswss 20 (s.n al
Owti 1;

m)
16.4) 60

AbdanhdP* Eol
(19.3

13
oysps@a 4

(4.31
8

Volwdng
(2.6)

3 l:: 9
Fbd- 2 m.n

(3.0]
s (ml

cusfd&Psli*sl NslWIM
~:~sofdus

18 16.1) 18
Dkdmss 4

(6.0)
11.3] 8 C?.61

Psydisbiooismdus
lmmri~ -/ (241 o 10.0)

FwsltRqro&otiwDisordsrs
Vqriis 2 (1.lr 11 6.7?

ResistsnceMsdttismkOfdas –-
GwlidMdi&is 3 0.01 12 (4.01
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Twenty-two (7.4%) levofloxacin-treated subjects and 64 (21.2%)
amoxicillin/clavulanate-treated subjects had adverse events considered by the
investigator to be probably or definitely drug-related. Of the nine subjects with
marked drug-related adverse events, three were in the levofloxacin gro~p and six

were in the amoxicillin/clavulanate group. Twenty-seven subjects discontinued
study drug due to adverse events, 11 (3.7%) of 297 subjects evaluable for safety
in the levofloxacin group and 16 (5.3%) of 302 subjects evaluable fo~ Eafety in
the amoxicillin/clavulanate group. In the levofloxacin group, the subjects who
discontinued due to adverse events included four subjects with urticaria, rash,
or pruritus, four subjects with GI-related adverse events, one subject with both
skin- and GI-related adverse events, and one subject each with asthenia/dizziness
and influenza-like symptoms. In the amoxicillin/clanlanate group, all adverse
event discontinuations were due to GI-related complaints except one case

(fatigue). There were two serious or potentially serious adverse events reported,
chest pain (two occurrences in one subject) and anemia; both adverse events
occurred in levofloxacin-treated subjects within the first week after therapy was
completed and neither was considered by the investigator to be related to study
drug administration. No deaths occurred during the study. Clinically significant
treatment-emergent changes in clinical laboratory tests, physical examinations,
and vital signs occurred infrequently and were comparable across treatment
groups.

One hundred fourteen (38.4%) of 297 subjects evaluated for safety in the
levofloxacin treatment group and 146 (48.3%) of 302 safety-evaluable subjects in
the amoxicillin/clavulanate treatment group reported at least one treatment-
emergent adverse event during the study, including events considered by the

investigator as related or unrelated to study drug. This difference between
treatments in the overall rate of adverse events was statistically significant

(i.e., the 95% confidence interval does not include zero). Body systems with the
highest reported incidence of adverse events were the gastrointestinal (GI)
system and the central and peripheral nervous system. The incidence of GI-related
adverse events was greater in the amoxicillin/clamlanate group (31.8%) than in
the levofloxacin group (15.8%), with the difference being statistically -
significant (95% confidence intenal is [9.1, 22.8]) . Adverse events in the other
body systems occurred in fewer than 10% of subjects and were comparable between
the two treatment groups, except for a statistically significant difference in
psychiatric disorders (4.0% in the levofloxacin group vs. 1.0% in the
amoxicillin/clavulanate group) . Psychiatric events in the levofloxacin group
consisted primarily of insomnia (2.4% of subjects) in addition to isolated
reports of agitation,’ anxiety, venousness, sleep disorder, and somnolence.

Although the differences were not statistically significant, the incidence of
female reproductive disorders (primarily vaginitis) and resistance mechanism

disorders (primarily genital moniliasis) appeared to be greater in the
amoxicillin/clavulanate group than in the levofloxacin group.
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i370 14.3. Adverse Events of Marked Severity

The majority of adverse events were assessed as mild or moderate in severity.
Seven subjects in the levofloxacin treatment group reported one or mo~ adverse
events of marked severity, including three subjects in whom the adverse event(s)
(abdominal pain and diarrhea; constipation; and urticaria) were considered by the

1375 investigator to be probably related to study therapy. Fifteen subjects in the

amoxicillin/clavulanate treatment group reported adverse events ‘o~ marked
severity, including six with GI-related symptoms (e.g., abdominal pain, nausea,
or diarrhea) considered probably or definitely related to study drug. Ten of the
22 subjects with marked adverse events (four levofloxacin-treated and six

1380 amoxicillin/clavulanate-treated subjects) discontinued study drug treatment due
to adverse events.

1385

Table 14.3.1.
Subjects with Adver6e wenta of Marked Severity:
Subjects Evaluable for Safety (Protocol M92-040)
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A smaller percentage of subjects in the levofloxacin treatment group (7.4%)than
in the amoxicillin/clavulanate treatment group (21.2%) had adverse events
considered by the investigator to be drug-related, i.e., probably or-~initelY
related to study drug. Drug-related adverse events reported by 21.0% of
levofloxacin-treated subjects were nausea (1.7%), diarrhea (1.3%), vaginitis
(1.1%), snd abdominal pain (1.0%). Drug-related adverse events reportedly ‘1.0%

of amoxicillin/clavulanate-treated subjects were diarrhea (11.6%), vaginitis
(4.1%), nausea (4.0%), genital moniliasis (3.3%), abdominal pain (1.7%), vomiting
{1.7%), and flatulence (1.3%).

TWO levofloxacin-treated subjects (108 and 1113) experienced a serious adverse
event within one week after completing study therapy (anemia in one subject and
two instances of chest pain in another). Both of these adverse events resulted
in hospitalization and neither was considered by the investigator to be related
to study drug administration.

No deaths occurred during the study. Twenty-seven subjects discontinued the study
drug due to adverse events, including 11 (3.7%) of 297 subjects evaluable for
safety in the levofloxacin treatment group and 16 (5.3%) of 302 subjects
evaluable for safety in the amoxicillin/clavulanate treatment group. None of the
limiting adverse events was considered serious or potentially serious. In the
levofloxacin group, the subjects who discontinued due to adverse events included
four subjects with urticaria, rash, or pruritus, four subjects with GI-related
adverse events, one subject with both skin-and GI-related adverse events, and one
subject each with asthenia/dizziness and influenza-like symptoms. In the
amoxicillin/clavulanate group, all adverse event discontinuations were due to GI-
related complaints except one case (fatigue).

14.4. Treatment Emergent Abnormalities in Laboratory Parameters:
1425 Treatment emergent abnormalities in laboratory parameters will be discussed in

the comprehensive safety review.

14.5. Summary of Safety Results:
Werall, levofloxacin-treated subjects reported fewer adverse events than

1430 amoxicillin/clavuhnate-treated subjects; the incidence of adverse events in the
levofloxacin treatment andamoxicillin/clavulanate treatment groups was 38.4% and
48.3%, respectively. The most frequently reported adverse events were nausea,
diarrhea, and headache; nausea and headache were reported by similar percentages .
of subjects in each treatment group (6.7% and 6.1% for levofloxacin and 6.6% and

1435 6.0% for amoxicillin/clanlanate) . In contrast, diarrhea was reported more
frequently in the amoxicillin/clavulanate group (19.9%) compared to the
levofloxacin group (6.4%). Vaginitis and genital moniliasis were also somewhat
more prevalent in the amoxicillin/clavulanate group than the levofloxacin group.

1440 The majority of adverse events were assessed as mild or moderate in severity.
Seven subjects in the levofloxacin treatment group reported one or more adverse
events of marked severity, including three subjects in whom the adverse event(s)
(abdominal pain and diarrhea; constipation; and urticaria) were considered by the
investigator to be probably related to study therapy. Fifteen s&jects in the
amoxicillin/clavulanate treatment group reported adverse events of marked45
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severity, including six subjects with GI-related symptoms considered probebly or

definitely related to study drug, A smaller percentage of subjects in the
levofloxacin treatment group (7.4%) than in the amoxicillin/clavulanate treatment
group (21.2%) had adverse events considered by the investigator to—be drug-

14s0 related, i.e., probably or definitely related to study drug.

Eleven subjects in the levofloxacin group and 16 subjects in the amox~cillin/
clavulanate treatment group discontinued the study because of adverse events. In

the levofloxacin group, subjects discontinued primarily due to skin- or G1-

1455 related adverse events. In the amoxicilllnlclavulanate group, all adverse event

discontinuations were due to GI-related complaints except one case (fatigue) .

No deaths occurred during the study. There were two serious or potentially

serious adverse events reported, chest pain and anemia; both events occurred in

1460 levofloxacin-treated subjects within the first week after therapy was complete

and neither was considered related to study drug administration.

15. Conclusions:

1465 15.1. Protocol M92-040 has significant flaws in the protocol design

and implementation including:

15.1.1. The protocol was a completely unblinded study. This is
particularly significant in light of the fact that all of the
endpoints are clinical and, thus, subjective and subject to bias by
both (1) obse~er/expectation bias from the investigator and (2)

reporting/recall bias in the patient reporting the symptoms2z.
15.1.2. The windows for clinical evaluation at both the End-of-therapy and

End-of-study evaluations were inappropriate to allow for a
definitive test-of-cure evaluation from which could be derived a
stable point estimate for the clinical cure rate. Specifically, the
test-of-cure evaluation should have been conducted at a point at
which the assessment could be dichotomist into a cure/failed
category, eliminating the “clinically improved” category. In this -
protocol, the EOT evaluation was conducted too early to assess a
stable cure rate and the EOS evaluation was scheduled too far out
from the end of therapy to differentiate (1) clinical failures

(early relapses) resulting from partial response to study drug or
superinfection from (2) recurrent sinusitis (late relapses) from
reinfection with the same organism or infection with another
microorganism.

15.1.3. The clin~cal amseaement categories were inappropriate.
Specifically, the clinical assessment should have been a dichotomous
cured/failed categozy. Acute bacterial sinusitis is a disease that
should be fully resolved by three weeks from diagnosis, and, thus,
if the appropriate time point were used for the test-of-cure
evaluation, it should be evaluated as cured/failed. lmy residual
symptoms, though less severe than at clinical
therefore, given the clinical categorization of

presentation and,
“improved”, are by

22 Sackett DL. Bias in Clinical Research. ~ 32:51-63, 1979.
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strict definition a clinical failure.
15.1.4. Quantitative cultures on sinus aspirates were not included. The

absense of quantitative cultures for S. aureus limited the rigorous
assessment of this organism as a true pathogen, as oppose~o merely
a contaminant, which it is well known to frequently be. This makes
accurate assessment of a microbiologic eradication rate for S.
aureus impossible, since it will not be known if the ‘ei?adicated
organisms merely represented contaminants, with CFU/mL by
quantitative culture below the breakpoint for a pathogenic organism.

15.1.5. There was inadequate characterization of the microbiology of the
subjects who were considered clinical failures. Only 6% (4/65)
patients who were clinical failures at the End-of-therapy
evaluation (sponsor’s assessment) and 3.4% (4/117) of those who were
clinical failure at End-of-study evaluation (medical officer’s
assessment) had specimens taken for culture, and these were taken at
the EOT visit. (Of those considered clinical failures at the End-
of-study evaluation, 45% (53/117) were in the levoflxacin arm and
55% (64/117) were in the amoxicillin/clavulanate arm.) This does
not allow the evaluation of whether or not there was a microorganism
that was predominant in those patients who failed therapy.

lm accurate assessment of the microbiology in the cohort of clinical
failures is particularly important because this study was designed
to evaluate the efficacy of a quinolone for infections due to
Streptococcis pneumonia and Staphylococcus aureus, two
microorganisms for which there has been increasing resistance to the
quinolone class of antimicrobial, as discussed in the following
Section. Resistance to other quinolone agents by Staphylococcus
aureus has been shown to occur during therapy with these agents.
Thus , it is important to know if there was development of resistance
of this organism (and, to a lesser extent, other microorganisms) in
the course of antimicrobial treatment.

15.2. The use of a quinolone antimicrobial for infections involving
Streptococcus pneumonia and Staphylococcus aureus may be problematic,
since resistance of these organisms to other quinolone antimicrobial
agents has been shown to occur relatively rapidly. The use of
levofloxacin for the treatment of sinusitis in the connnunity will in
general be empiric, thus, its coverage for organisms in which there could
be pre-existing or rapid development of resistance may be suboptimal and
may not be known with great accuracy.

15.2.1. Quinolone-resistance has been documented to occur rapidly in
Staphylococcus aureus.

Quinolone-resistance has been documented to occur rapidly in
Staphylococcus aureus, with methicillin-resistant S. aureus (MRSA)
developing resistance at a more rapid rate than methicillin-
sensitive S. aureus (MSSA). Ciprofloxacin-resistance in S. aureus is
well documented, with reports resistance developing ~ therapy
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witl-i these agents33. One study suneyed the development of
Ciprofloxacin-resistance in methicillin-resistant S. aureus (MRSA)
in patients treated with the antimicrobial for nonstap~lococcal
infections in a VA Medical Center. These authors reported that 79%
of MRSA isolates were. resistant to Ciprofloxacin one year after
introduction of the drug, and 91% of MRSA isolates were resistant to
ciprofloxacin two years after introduction of the drugzi.- Piercy
et.al. reported development of resistance in 16% (6/37) of patients
who were being treated with ciprofloxacin for MRSA colonization and
Mulligan et.al. reported 32% (7/22) of treatment episodes were
associated with the development of ciprofloxacin-resistant MRSA

during the course of antimicrobial therap~s. Resistance among
methicillin-susceptible S. aureus (MSSA) has been less widespread
than with MRSA, but has still been reportedzc.

While the mechanism of resistance of S. aureus to quinolones is not
completely understood, there are authors who suggest that the rapid
emergence of ciprofloxacin resistance in S. aureus may be due to the
fact that a single-step point mutation alone can lead to high-level
resistance27. For S. aureus, the frequency of alterations in DNA
~ase caused by single-step mutations increases from 1 in 102 to I
in 105 when bacteria are exposed to concentrations close to the
minimal inhibitory concentration. The frequency of single-step
mutation to fluoroquinolone resistance in S. aureus ranges from 1.5

x1O-5 at twice the MIC to s3.6 x 10 -12 at eight times the MIC; and
high level resistance occurs with serial exposure of bacteria to

23 Daum TE, Schaberg DR. Increasing resistance of S. aureus to ciprofloxacin. ~
~n~~ 34:1862-3, 1990; Blumberg HM, Rimland D, et.al. Rapid development of
ciprofloxacin resistance in Methicillin-susceptible and methicillin-resistant Staphylococcus
aureus. ~ 163:1279-85, 1991; Mulligan ME, Ruane PJ, et-al. Ciprofkccacin for
eradication of methicillin-resistant Staphylococcus aureus colonization. ~ 82
(SuP@.4A) :215-9, 1987; Piercy EA, ~arbaro D, et.al. Ciprofloxacin for methicillin-resistant
Staphylococcus aureus infections. 33:128-30, 1989; Scaefler S.
Methicillin-resistant strains of Staphylococcus aureusresistantto the quinolones.~

27:335-6,1989;ShalitI, BergerSA. Widespreadquinoloneresistanceamongmethicillin
resistant S. aureus. 33:593-4, 1989; Isaacs RD, Kunke PJ, et.al.
Ciprofloxacin resistance in epidemic methicillin-resistant S. aureua. ~ 2:843, 1988.

24 Blu~erg SM, RiuilandD. ~ 163:1279-85, 1991.

25 Piercy 6A. ~ 33:128-30, 1989; Mulligan MS, Ruane PJ, et.al.
~ J 14ed82 (SUPP1.4A):215-9, 1987.

26 Scaefler S. ~ 27:33S-6, 1989; Shalit I, Berger SA. ~
~ 33:593-4, 1989; Isaacs RD, Kunke PJ, et.al. ~ 2:843, 1988; Daum TE, Schsberg DR.

. .
~ 34:1862-3, 1990.

27 Blu~erg HM, ~mlS22d ‘“ ~ec? ~ 163:1279-@5, 1991; Oshita Y, Hiramatsu K. A point
mutation in norA gene is responsible for quinolone resistance in Staphylococcus aureus. ~

172:1028-34, 1990; Yoshida H, Bogaki M, et.al. Nucleotide sequence and
characterization of the Staphylococcus norA gene, which confers resistance to the quinolones. z

B.iu2teria172:6942-9, 1990; Neu HC. Bacterial resistance to the fluoroquinolones. &v I@ct D&

10(supP1.1) :57-63, 1988; Sreedharan S, Oram !4. DNA gyrase gyrA mutations in Ciprofloxacin-
resistant strains of S. aureus: close similarity with quinolone resistant mutations in E. coli. J

Bacteria 172:7260-2,1990.
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acid substitution) in the DNA gyrase leading to high level
resistance2g. Quinolone resistance to ciprofloxacin- ‘is more
prevalent than resistance to ofloxacin, with one paper in 1992
reporting 95% of pneumococcal isolates susceptible to ofloxacin and
only 68% of isolates susceptible to ciprofloxacin30. However, it
should be noted that development of resistance to antimicrobial
agents is a time-dependent phenomenon, and that ciprofloxacin has
been in use longer than ofloxacin. Data presented by the Center for
Disease Contro131 at the 35th InterScience Conference on
Antimicrobial Agents and Chemotherapy showed that there could be
significant development of resistance to ofloxacin in the period of
one year, such that the point prevalence for pneumococcal
intermediate resistance to ofloxacin was 1% in 1993 and 9.5% in
1994. However, it should be noted that there was no absolute
resistance detected in this study.

Pharmacokinetic/pharmacodymnamic data have been used to attempt to
predict clinical efficacy against specific organisms. In the case
of the quinolone antimicrobial, the inhibitory ~otient, defined as
the AUC/MIC ratio (the ratio of the Area Under the Concentration-
time Curve (AUC) of the antimicrobial to the minimum inhibitory
concentration (MIC) of the S. pneumonia isolate) has been shown to
be predictive of clinical efficacy, with an AUC/MIC value of 40
being the breakpoint for S. pneuxnonai~z. Levofloxacin, being the
active isomer of ofloxacin, achieves higher blood levels of the
active isomer, and thus has a better inhibitory quotient for S.
pneumonaie, as described in the table below. However, it should be
noted that the MIC90 of some strains of S. pneumonaie is now 24 -

mcg/mL for both ciprofloxacin and ofloxacin. At this higher MIC,
the inhibitory quotient for levofloxacin falls below the breakpoint
of 40. Thus ,
blood levels

28 ~lbrg SM. Rimland

29 Piddock LJV, Wise R.

the margin for ‘MIC creep” afforded even by the higher
of levofloxacin is borderline.

D. ~ 163:1279-85,1991.

The selectionand frequencyof streptococciwithdecreased
susceptibility to ofloxacin and the other quinolones. ~ 22(SUPP1 c) : 45-51.
1988.

30 Jones RN, Reller LS, Rosati LA. Ofloxacin, a new Broad Spectrum Fluoroquinolone:
Results from a Multicenter, National Comparative Activity Surveillance Study. piaa. Mi~

uect Div= 15:425-34, 1992.

31 Eutler JC, Hofman J, Elliot JA, et.al. Late breaking abstract. 35th KAAC, San”
Francisco, CA, September 17-20, 1995.

32 Dr. David C. Hooper. Presented at the 35th ICAAC, San Francisco, CA, September, 1995.

.—— . ——. -- ..——
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It should be noted that all these calculations are theoretical based
on the pharmacokinetic/phamacodynatic data of these compounds. FQr
ofloxacin, there remains a discrepancy between the inadequa~y of the
inhibitory quotients and the clinical efficacy, with the clinical
efficacy being better than would be predicted by the marginal
inhibitory quotient against S. pneumonaie. _-

Table 15.2.1
Inhibitory quotients against Streptococcus gmeumonaie for meveral of the

Fluoroquinolone Antimicrobial: Calculated for MICS of 2 mcg/mL and 4 mcg/mL

:“%Mt&j:&oQen< ::$::’
,*.~q@j;:f& “ ::::”;’;,:j“:~<.::,,,.:,.:Antirnic.rotiiaX”X!’~. ‘;;+!ilAUC}tii2j[~f&r ~~ ~~

,,..:.::!:.:;:..j: “,..,:;.<:?:::::;:,,,::..:,,. ‘“fib’.’”’’”:’‘MIC,:4%&%l “““ ,f@ Z’$+gy&’ ’”””””;<$,”.;:..:“::-;;:::;::{,~.. ..............,,...:..-..:........::.,

MIC AUC/MIC MIC AUC/MIC

Ciprofloxacin 2 mcg/mL 11.6 4 mcg/mL 5.8

Ofloxacin 2 2ncg/mL 43.5 4 mcg/mL 21.8

Levofloxacin 2 mcg/mL 60.7 4 mcg/mL 30.4

15.4. Efficacy Results:

15.4.1 Clinical Efficacy Results

The clinical cure rate of levofloxacin was statistically equivalent to
amoxicillin/clavulante in Protocol M92-040. The clinical cure rate for

the levofloxacin arm was 79% .(209/263), and that for the
amoxicillin/clavulante arm was 74% (197/266), with the 95% confidence
interval around the difference being 266,263(-1s.0 to 2.2)74*,?gt. Thus ,
levofloxacin meets regulatory criteria for approval for the treatment of
acute bacterial sinusitis based on the demonstration of statistical
equivalence to an approved competitor.

--- ------ - .-----------. - ----- ---------- - ---- - ------------- ------- . - -------------- -- -. - - - - -- ---- - -- - .-

Recommendations:

Recommendations for the use of levofloxacin for the treatment of acute
sinusitis are discussed at the end of the review of this indication,
the discussion of Protocol N93-006.

bacterial
following
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Medical Officer’s Review of NDA 20-634

Levaquin o (levofloxacin) Tablets

Study Title: A multicenter, noncomparative study to evaluate the

safety and efficacy of oral levofloxacin in the

treatment of acute sinusitis (caused by Streptoc-occus

paeumomiae, Haemophilus influenza, Moraxella

catarrhalis or Staphylococcus aureus) in adults

Protocol: N93-006

Study dates: January 28, 1993 to April 25, 1995

1. Study Objective:
The objective of the study was to evaluate the safety and efficacy of
levofloxacin 500 mg PO once a day for 10 to 14 days for the treatment of acute
bacterial sinusitis caused by susceptible organisms, specifically Streptococcus
pneumonia, Haemophilus influenza, and Moraxella catarrhalisl.

2. Protocol design:
The protocol was an unblinded, open-label, noncomparative, multicenter study.
The study incorporated a microbiologic evaluation on all patients.

3. Diagnostic criteria:
The primary diagnosis of acute bacterial sinusitis was defined by clinical and
radiographic signs and symptoms of acute sinusitis:

Clinical: presence for s 4 weeks of at leaat two of the following clinical signs and symptoms
of acute sinusiti.e:fever, headache, purulent nasal discharge, facial pain, malar
tenderness, or dental pain

Radiographic: radiographic evidence on sinus x-rays (including lateral and Waters views) or
CT scan of air-fluid level, opacification or mucosal thickening (24 mm)

Microbiologic: positive Gram retainof aspirated ainua exudate (obtained by sntral puncture
or ●ndoscope) .

—.

I
Staphylococcus aureus was not listed as a pathogen in the objective of the initial

study protocol, but the sponsor is requesting this organism in the label.
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4. Inclusion and
Multiple changes to
course of the study.

exclusion criteria:
the inclusion/exclusioncriteria were made thr&@out
These are as elaborated below.

47.

the

4.1. Inclusion criteria: .-

4.1.1. Inclusion criteria as per Original Protocol dated

February 12, 1993:
Subjects could be included in the study if they satisfied the following:

1. Age: 18 or older
2. Sex: male or female
3. All subjects were to be appropriate candidates for oral therapy. Patients in

nursing homes could be enrolled if they were ambulatory and were able to
carry out the activities of daily life.

4. Subjects with a diagnosis of acute bacterial sinusitis as evidenced by:

● Presence for 24 weeks of at least two of the following clinical signs and
sYmPtomS: fever, headache, purulent nasal discharge, facial pain,
malar tenderness, or dental pain

● radiographic evidence on sinus x-rays (including lateral and Waters views)
or CX scan of air-fluid level, opacification or mucosal thickening (z
4 mm)

● Positive Gram stain of aspirated sinus exudate (obtained by antral puncture
or endoscope)

A specimen obtained by aspiration of the sinus was to be sent for routine
bacteriologic culture to confirm the presumptive diagnosis of acute bacterial
sinusitis for entry into the study.
5. If female, the subject must

● have been postmenopausal for at least one year, or
● have had a hysterectomy, or
● have had a tubal ligation, or
● have taken oral contraceptives for at least one month prior to study entry,

or agree to use spermicide and barrier methods during the study, or
● have used another acceptable method of contraception and agree to continue

with the same method during the study.
If female and of childbearing potential, the subject must have

● had a normal menstnal flow within one month prior to study entry, and
● a negative pregnancy teat (serum b-subunit hCG) istsediatelyprior to entry. -

If obtaining the serum pregnancy test result would cause a delay in treatment, a
subject may have entered on the baais of a negative urine pregnancy test sensitive
to at least 50 mIU/mL, pending results of the serum pregnancy test. Subsequently, if
the result of the serum test was positive, the subject must have been discontinued
from the study and followed as indicated.
6. Completion of the confidential follow-up form
7. Reading and signing of the informed consent (and California Bill of Rights, if

applicable) after the nature of the study had been fully explained.

4.1.2. Inclusion criteria as per Protocol Amendment #1 dated

September 9, 1994:
The inclusion criteriawere unchanged from the original protocol with the
following exceptions. Additions are in bold; deletions are in italics.

4. Subjects with a diagnosis of acute bacterial sinusitis as evidenced by:
● presence for S4 weeks of at least two of the following clinical

signs and symptoms: fever, headache, purulent naaal discharge.
facial pain, malar tenderness, or dental pain

● radiographic evidence on sinus x-rays (including lateral and Waters
views) or ~ scan of air-fluid level, opacification or mucosal
thickening (>4 mm)
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[Deletion: Positive Gram stain of aspirated sinus exudate (obtained

by antral puncture or endoscope)l
A specimen obtained by aspiration of the sinus must have been sent for routihe
bacteriologic culture and Gram retain to confirm the presumptive diagn~ of acute
bacterial ninusitis for entry. into tbe study.

5. Subjects who had receivedprevioum antimicrobial therapy may have b-n ●nrollmd
if: .-

● previous tberWY duration was 24 hours or 1.D8
● Prmviow a@raPY duratioa wan sr*ater thu 24 hour*t but •~ject did not

improve or 8tabilize on that therapy

4.1.3. Inclusion criteria as per Protocol Amendment #2 dated

February 12, 1995:
The inclusioncriteriawere unchangedfromProtocolAmendment#1.

4.2. Exclusion criteria:

4.2.1. Exclusion criteria as per original Protocol dated

February 12, 1993:
subjects with any of the following criteria were W eligible for
admission into the study:

1.

2.

3.
4.

5.

6.

7.
8.
9.

Immunocompromised patient, such as those who were neutropenic, those with
immunodeficiency disorders (such as IgG deficiency), those with active
malignancies, diabetes, or those on corticosteroid or other immunosuppressive
therapy

Subjects with an infection due to organisms known to be resistant to the study
drug prior to study entry

Subjects with known HIV infection
subjects with chronic sinusitis (defined as duration of current symptoms for more

than four weeks or more than two otherepisodesof acutesinusitiswithinthe
previous twelve months)

Presence or history of serious complications of sinusitis including brain absceas,
meningitis, cranial osteomyelitis, venous thrombosis, or orbital cellulitis

previous allergic or serious adverse reaction to levofloxacin, or any other
members of the quinolone class of antimicrobial

calculated creatinine clearanceless than or equal to 20 ~/min
Requirement of a second systemic antimicrobial agent
Effective systemic antimicrobial therapy within 48 hours prior to admission

10. Use of an investigational agent within 30 days prior to admission
11. Pregnancy or a nursing mother
12. Previous treatment under this protocol
13. My disorder or disease that may interfere with the evaluation of the study drugs
14. Presence of any seizure disorder or condition requiring the administration of

major tranquilizers.

4.2.2. Exclusion criteria as per Protocol Amendment #1 dated

September 9, 1994:
The exclusion criteria were unchanged from the original protocol with the
following exceptions. Additions are in bold; deletions are in italics.

1. Immunocompromisedpatient,such as those who were neutropenic, those with
innnunodeficiency disorders (such aa IsG deficiency), those with active
malignancies, mevore or unstable diabetes, or those on corticosteroid or
other iummnosuppreasive therapy. (SUbjOctS requiring a brief course of
aystssdc steroids for thie episode of minusitis were ●llowed. Nasal steroids
were ●llowed.)

2L-subjects with an infection due to organisms known to be resistant to the study
drug prior to study entry

3. subjects with known HIV infection
4. subjects with chronic sinusitis (defined as duration of current symptoms for more
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than four weeks or more than two other episodes of acute sinusitis within the
previous twelve months)

S. presence or history of serious complication of sinusitis including brain absceBs,
meningitis, cranial osteomyelitis, venovs thrombosis, or orbithl cellulitis

6. Previous allergic or serious adverse reaction to levofloxacin, or any other
.—

members of the quinolone class of sntimicrobials
7. calculated creatinine clearance less than [or equal to] 20 mL/min

When only serum creatinina was ●vailable, the following fo~a (bqsad
on sex, waight, and age of the aubjact) may hevs baen us-d to ●stimate
crmatiaine clearsncm.

Males: Weight (kg) X [140 - ●ge (in years)] 72 x serum
creatinine (mg/100 mL)

?emalas: 0.S5 x above value
8. Requirement of a second systemic antimicrobial agent
9. (Effective systemic antimicrobial therapy within 48 hours prior to admission]
10. 9. Use of an investigational agent within 30 days prior to admission
11. 10. Pregnancy or a nursing mother
12. 11. Previous treatment under this protocol or with lavofloxacin
13. 12. Any disorder or disease that may interfere with the evaluation of the study

drugs
14. 13. Presence of any seizure disorder [or condition requiring the administration

of major trenguilizers.1
14. Unstable psychiatric conditions.

4.2.3. Exclusion criteria as per Protocol Amendment #2 dated

Febmary 12, 1995:
The exclusion criteria were unchanged from ProtocolAmendment #1.

5. Concomitant use of medications and other antimicrobial agents:
The appropriate use of antihistamines and decongestants during this study to
facilitate sinus drainage was to be encouraged. Use of these medications was to
be noted on the case report form (CRF). The use of other medications during the

study was to be minimized. Administration of nonstudy systemic antimicrobial was
to be prohibited, and aluminum-magnesium based antacids (e.g., Maalox ‘) as well
as mineral supplements or vitamins with iron or minerals were to be strongly
discouraged because of their potential to decrease the bioavailability of study
drug . However, if administration of an antacid was necessary, it was to be -

administered at least two hours before or after levofloxacin or

amoxicillin/claWlanate potassium administration. If the administration of any

other medication was required, it was to be reported on the subject’s CRF.

6. Efficacy Criteria:

6.1. Clinical Efficacy Criteria:
The primary efficacy variable was clinical response, to be assessed by the
investigator as cured, improved, failed, or unable to evaluate at the

posttherapy visit two to five days after completion of the therapy. The
clinical cure rate was to be evaluated by determining the percentage of
clinically evaluable subjects who were cured, and the clinical success
rate was to be based on the percentage of clinically evaluable subjects
who were cured or improved.

6.1.1. Clinical efficacy criteria at Post-therapy Visit:
Clinical Response Rating was to be assessed at Posttherapy Evaluation (2
to 5 days after completion of therapy) and at poststudy (28 to 32 days
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after the emd of therapy) . At the posttherapy visit, the investigator was
to assess the clinical response as cured, improved, failed, or unable to
evaluate. The definitions for these assessments were as follows:

-—

Cured - Disappearance of aigms end symptomswith radiographic ●violence of
stabilization/imprwement at the posttherapy visit with no further
therapy required. .-

Improved - Incomplete resolution of signs end symptoms or incomplete
resolution of radiographic signs of acute sinuaitie and no further
therapy required.

Failed - No clinical response to therapy or woreening of the radiographic
evidence of infection.

Unable to Zvaluate - Subject did not return for follow-up evaluation.

6.1.2. Clinical efficacy criteria at Post-study evaluation:
At the poststudy visit 28 to 32 days after the end of therapy, the
investigator was to again assess the clinical response for those subjects
with a successful outcome (i.e., cured or improved) at posttherapy. The
clinical response at poststudy was to be assessed as cured, improved,
relapse, or unable to evaluate. The definitions for these assessments
were as follows:

Cured - Complete resolution of signs end symptoms.
Improved - Continued incomplete resolution of eigns and symptoms with no

deterioration or relapee during the follow-up period and no further
therapy required.

Relapse - Resolution or improvement of signs end eymptoms at posttherapy
visit but reappearance or deterioration of signs end symptome of the
infection at Poetstudy visit.

Unable to Svaluate - No Poststudy evaluations.

6.2. Microbiologic Efficacy Criteria:

6.2.1. Microbiologic Response:
The primary efficacy parameter of microbiologic response to treatment was
to be evaluated by the Sponsor in terms of overall infection eradication -
rates and individual pathogen eradication rates. The microbiologic
response for pathogens isolated at admission was to be dete~ined by
evaluating the posttherapy/early withdrawal culture results. A culture was
to be considered valid if it was obtained within 1 to 10 days posttherapy
and collected while the subject was not receiving any effective systemic
antimicrobial treatment. Responses were to be categorized as follows:

Eradicated: Eradication of the admiseion pathogen as ●videnced by failure to isolate
the pathogen in a valid posttherapy/early termination culture. If clinical
imprwement occurs and invasive procedures for culture were contraindicated,
then the pathogen wae presumed eradicated.

persisted: Persistence of the admission pathogen as evidenced by isolation of the
pathogen in the posttherapy/early termination culture. If a subject (I_)was
discontinued (due to clinical failure or a resistant pathogen) end was
considered a clinical failure, or (ii) was considered a clinical failure and
study therapy was not extended, or (iii) eradication of the admission
pathogen was not confirmed by a valid posttherapy or early termination
culture, then the pathogen wae presumed to persist.

Parsistad with Acquisition of Ileeistance:Persistence of the admission pathogen es
evidenced by isolatiah of the pathogen in the posttherapylearly termination
culture with documented acquisition of resistance.
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Unknown: No posttherapy/early termination culture results availableclueto lost-to-
folbw-up, lost culture, or culture not done when specimen was available. The -
response was unknown if a negative culture was obtained during ther~or
while the subject was receiving an effective nonatudy antimicrobial agent for
reasons other than clinical failure, unless persistence was verified or
presumed.

--

Medical Officer’s Comment: The window for obtaining Posttberapy culture results was 1-10
days posttberapy. !l’be ●arly half of this windw ia too ●arly to obtain reliable culture
remults after treatment with ● dnsg with a half-life of 8-9 hours.

The microbiologic response for the subject’s infection was based on
eradication of all the pathogens isolated at admission as follows:

Eradicated: Eradication of all admission pathogens.
Persisted: Persistence, presumed persistence, or persistence with acquisition

of resistance of at least one pathogen isolated at admission.

Unknown: No culture results available or unknown results for at least one

pathogen isolated at admission.

6.2.2. Susceptibility Testing:
Susceptibility to levofloxacin was to be determined for all aerobic
pathogens at admission, and at any other time when sinus aspirate
specimens were obtained. The MIC susceptibility was to be the primary
susceptibility criterion. If the MIC values were not available, disks were
to be used to determine susceptibility. Disk susceptibility testing was to
be performed in accordance with the National Committee for Clinical

Laboratory Standards (NCCLS) methods using 5 ~g levofloxacin disks
provided by the Sponsor. Minimum inhibitory concentrations for
levofloxacin were to be determined for all aerobic pathogens. For full
discussion of the susceptibility testing conducting during this study, the
reader is referred to the microbiology review by Dr. Dick Xing, reviewing

microbiologist.

7. Safety evaluation:
Adverse events were defined as treatment-emergent signs and symptoms, i.e.,
events that were not present at admission or events that representedan increase
in frequencyor severity of a sign or symptom already present at admission that
occurred between the first dose of study drug and the posttherapy visit two to
five days after therapy completion.
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8. Schedule and procedures for evaluation of efficacy criteria: .
The presence or absence of five clinical signs and symptoms of acut&bacterial
sinusitis (facial pain, headache, fever, purulent nasal discharge, and malar
tenderness) was to be assessed at admission, at posttherapy (or early
withdrawal) , and at poststudy (28 to 32 days after completion of therapy). The
results of radiographic examinations (e.g., sinus X-ray, CT, US, MRI) were to be
reported as normal or abnormal at admission and posttherapy, and changes from
admission to posttherapy were to be categorized by the investigator as resolved,
improved, worsened, or no change. Radiographic examinations were to be repeated
at the poststudy evaluation for subjects with suspected relapse. The main
findings from the radiographic tests were also to be described. Microbiology
specimen collections of sinus exudate were to be obtained at the time of
admission (Day 1), by antral puncture or endoscopy, for gram stain, culture, and
susceptibility testing. Specimens were also to be collected at the on-therapy
visit and at the posttherapy visit if indicated, and specimens were to be
collected at the poststudy visit from those subjects in whom a relapse was
suspected.

8.1. Clinical Rating at Baseline/Prestudy Evaluation:
The presence or absence of five clinical signs and symptoms of acute bacterial
sinusitis (facial pain, headache, fever, purulent nasal discharge, and malar
tenderness), radiographic evidence of acute sinusitis (mucosal thickening, air
fluid levels), and sinus exudate collectionfor microbiology (by sntral puncture
or endoscopy; for gram stain, culture, and susceptibility testing) were to be
obtained at the time of admission (Day 1).

8.2. Clinical Response Rating at Post-therapy Evaluation

(’lWO to Five Days After Completion of Therapy)
At the post-therapy visit two to five days after the end of therapy, the
investigator was to assess the clinical response as cured, improved, failed, or
unable to evaluate. The definitions for these assessments were as follows:

Cured - Disappearance of signs and aymptome with radiographic evidence of
stabilization/improvement at the poattherapy visit with no further therapy
required.
Improved - Incomplete resolution of signs and symptoms or incomplete
resolution of radiographic signs of acute sinusitis and no further therapy
required.
Failed - No clinical response to therapy or worsening of the radiographic
evidence of infection.
Ilaablato Svaluate - Subject did not return for follow-up evaluation.

Sinus exudate collection for microbiology (by antral puncture or endoscopy; for

gram stain, culture, and susceptibility testing) were to be obtained at post-
therapy evaluation.

—
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t.

8.3. Clinical Response Rating at Poststudy Evaluation

(28 to 32 Days After Completion of Therapy)
At the poststudy visit 28 to 32 days after the end of therapy, the
was to again assess the cliaical response for those subjects with
outcome (i.e., cured or improved) at posttherapy. The clinical

poststudywas to be assessed as cured, improved, relapse, or unable

The definitions for these assessments were as follows:

Curad- Completeresolutionof s@ns andeymptoma.

.—
investigator
a successful

res~onse at

to evaluate.

Improved - Continued incomplete resolution of signs and syn,ptm with no

deterioration or relapse during the follow-up perhd and no further therapy required.
Relapse - Resolution or improvement of signs and symptoms at posttherapy visit but
reappearance or deterioration of signs and symptoms of the infection at Poststudy
visit.
Unable to Zvaluate - No Poatstudy evaluations.

Radiographic examinations were to be repeated at the poststudy evaluation for
subjects with suspected relapse. The main findings from the radiographic tests
were also to be described. Sinus exudate collection for microbiology (by antral
puncture or endoscopy; for gram stain, culture, and susceptibility testing) were
to be obtained at post-therapy evaluation for cases of suspected relapse.

9. Safety evaluation/ Adverse Event Evaluation:
Serious adverse events were defined as those events that presented a significant
threat to the well-being of the subject. Serious adverse events included any
event that was fatal, life-threatening, permanently or significantly disabling,
required hospitalization or prolonged hospitalization, resulted in long-te~
outpatient treatment (greater than six months) , or was a congenital anomaly,

cancer, or overdose. Investigators were instructed to report all serious adverse
events immediately to RWJPRI. A 5-mL venous blood sample for determination of
levofloxacin plasma concentration was to be obtained at the time of a serious -
adverse event. However, due to practical limitations, these blood samples were
not obtained as planned.

—
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10. Evaluability Criteria:

10.1. Evaluability criteria as per Sponsor:
The Sponsor made multiple changes in the evaluability criteria during & conduct
of this study. These are delineated below.

10.1.1. Evaluability criteria as per Original Protocol dated

February 12, 1993:
1. safaty JUIalymim:To be evslusble for the safety analysis, a subject must take the study

medication and must relay safety information.
2. Efficacy Analysis

A subject will be evslusble for microbiological ●fficacy unless categorized into one
of the following groups:
a. Unevalusble for safety
b. Infection not bacteriologically proven. No pathogen identified in the admission

culture.
c. Resistant to study drug. An admission pathogen was resistant to the study drug
d. Insufficient course of therapy. Subject does not take the study drug for at least

seven days. Subjects who take study drug for less than seven days because
they were judged a clinical failure by the investigator were evaluable.

e. Effective concomitant therapy. Subject takes an effective systemic antimicrobial
agent between time of admission culture and within 48 hours prior to start of
therapy, or following therapy prior to test-of-cure culture (posttherapy).If
the subject takes an effective systemic antimicrobial because they have been
judged a clinical failure by the investigator, they were evaluable.

f. Inappropriate bacteriologic cultures
1) Admission culture was greater then 48 hours prior to the start of

therapy
2) Posttherapy culture was not between 2-6 days posttherapy. If the

subject was discontinued aa a clinical failure and the
posttherapy visit was performed on the last day of therapy,
the subject was considered evslusble.

3) Adequate microbiological data was not available
g. Lost to follow-up but relays safety information
h. Other protocol violation, e.g.,

1) Subject fails specific entrance criteria
2) Subject re-enters study
3) Subject does not take at least 70* of assigned study drug
4) Subject takes study drug for more than 14 days (unless due to persistent

pathogen)
Additionally, a subject will be evalusble for clinical efficacy unless the clinical diagnosis
was unconfirmed or the subject was classified by categories a, d, e, g, snd/or h above.

10.1.2. Evaluability criteria as per Protocol Amendment #1 dated

September 9, 1994:
1. Safety Analy8is: Unchanged from Original Protocol.
2. Efficacy Analysis

A subject will be evslusble for microbiological efficacy unless categorized into one
of the following groups:
a. Unevaluable for safety
b. Infection not bacteriologically proven. No pathogen identified in the admission

culture.

[c. Resistant to study drug. An admission pathogen was resistant to the study drug]
c. Insufficient course of therapy

- Subject does not take the study drug for at least seven days.
- Subjects who takp study drug for [less than seven days because they were

judged a clinical failure by the investigator were evaluable]. greater
than 48 hours but for leas than 7 days because they were judged a
clinical failure by the investigator were evaluable. The pathogen(s)
wae(were) premumed to permimt in these situations.

d. Effective concomitant therapy
- Subject takes an effective systemic antimicrobial agent between time of
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admissionculture and [within 48 hours prior to start of therapy, or
following therapy prior] to test-of-cureculture (posttherapy).

- If the subject takes an effective systemic antimicrobial because they haVe
been judged a clinical failure by the investigato~ they are
evaluable.

e. Inappropriate bacteriologic cultures
1) Admission culture was greater than 48 hours prior to the start of therapy
2) Posttherapy culture/evaluation was not between 2-10 days posttherapy. Xf

the subject wae discontinued as a clinical failure and the posttherapy
visit wae performed on the last day of therapy, the subject was
considered evaluable.

3) Adequate microbiological data was not available
f. Lost to follow-up but relays safety information
g. Other protocol violation, e.g.,

[1) Subject fails specificentrancecriteria]
1) Subject re-enters study
2) Subject does not take at least 70t of assigned study drug
[4) Subject takes study drug for more than 14 days (unless due to a

persistent pathogen)]
Additionally, a subject will be evaluable for clinical efficacy unless the clinical
diagnosis wae unconfirmed or the subject was classified by categories a, d, e, g, c,
d, e.2, f, snd/or h g above.

10.1.3. Evaluability criteria as per Protocol Amendment #2 dated

February 12, 1995:
The evaluability criteria were unchanged from Protocol Amendment #1 with the

following exception:

e. Inappropriate bacteriologic cultures
1) Admiesion culture was greater than 48 hours prior to the start of therapy
2) Posttherapy culture/evaluation was not between [2-10 days] 1-10 days

posttherapy. If the subject was discontinued as a clinical failure and
the posttherapy visit was performed on the last day of therapy, the
subject was considered evaluable.

3) Adequate microbiological data was not available

10.2. Bvaluability criteria as per Medical Officer:

10.2.1. Clinical evaluability Criteria:
1. The subject met the inclusion criteria
2. The subject did NOT meet any of the exclusion criteria at the time of

enrollment
3. A posttherapy/end-of therapy/EX3T(2-10 days post therapy) and a

4. A

5. In

postatudy/and-of-study/BOS (2S-30 days posttherapy) clinical evaluation were
performed. The exception was for patients who were declared clinical
failures at the poettherapy visit, but did not have a poetstudy follow-up,
here the failure declared at poet-therapy was carried forward.
symptomatic response could be evaluated at both the posttherapy and
postmtudy time points.
terms of defining the time point for test-of cure, the amended protocol as
specified that clinical evaluation at the pomttherapy/EOT (2-10 days

posttherapy) visit was to be the primary clinical endpoint. The medical
officer chose to use the poststudy/EOS (28-32 days posttherapy) evaluation
as the primary clinical endpoint: the rationale for this decision are
delineated in the following paragraphs.

5.1. With regard to establishing time point for follow-up after treatment
of acute bacterial sinusitisL-both (1) the natural history of the-disease

and (2) the half-life of the antimicrobial ●gent under investigation need

to be taken into account.
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5.1.1. In regard to the natural history of acute bacterial ●inueitim, there

are multiple~ources in both the medicaland otolaxyngologyliteraturethet
would suggest that acute sinusitis should resolve within 3 weeks:

.

5.1.2

.—
“~toma of acute maxillary sinusitis should resolve within
S days when treatment with appropriate antibiotics and
decongestants is begun.”a

.-

‘Acute sinusitis should be fully resolved within three
weeks.”>

‘Host patienta recover frcm acute sinusitis within three
weeks. For some patients, the problem remains unresolved, and
the sinus mucosa undergoes changea that prolong the
infection.=~

‘Acute auppurative sinusitis is any infectious process in a
para nasal sinus lasting from 1 day to 3 weeks.ms

‘Those with acute sinusitis whose symptuna persist despite an
adequate course of antimicrobial treatment should be treated
with sinus lavage.=s

The windows for follow-up after an episode of acute bacterial
sinusitis will be the same for patients treatedwith any antimicrobialagent
with a relatively short half-life. It is only in the case of a prolonged
half-life that the window for follow-up needs to be extended because blood
levels and tissue levels persist far beyond the last dose of the
antimicrobial drug. For levofloxacin, whose serum half-life is 6.34-6.39
hours in the clinical tablet, the window of follow-up can be the same as for
other antimicrobial agents with relatively short half-lives.

5.1.2.1. The IDSA Guidelines recommend standard follow-upafter an episode
of acute bacterial sinusitis as follows:

“Patients should be follow-up clinically and with imaging for
at least 2 weeks after completion of antimicrobial therapy to
asaess relapse or recurrence, clinical complications, and
adverse effects of the antimicrobialregimen.-’

5.1.2.2. Recent regulatory precedent for the appropriate time point for test
of cure has been established in other reviews of antimicrobial agents with

2
Frazier LM, Corey GR. Acute Bacterial Sinusitis. ~ 47(3):115-7, 19S6.

5 Richtemeier WJ, Hedical and SurgicalManagementof Sinusitis in Adults.
~ 101:46-50, 1992.

4
Godley FA. Chronic Sinusitis: An@date.~45 (S):2190-8, 1992-

5
Melen I. Chronic Sinusitis: Clinical and Pathophysiological Aspects. Z@a 0~

SUPPl 151:45-8, 1994.

6
Gwaltney J?4.Therapeutic approach to sinusitis: Antiinfectious therapy as the baseline

of management. ~ 1o3:876. 1990- —

)Chow AW, et.al. General Guidelinesfor the evaluation of New Anti-Infective Drugs for
the Treatment of Respiratory Tract Infections: Sinusitis. ~ect Dis 15(Suppl 1): 77, 1992.
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(..
short half-lives for the indication of acute bacterial sinusitis :

Review of NDA 50-621/S-4,14,15,16 (Suprax”, cefixime tablets) .
a window of 8-22 days peat-tharapy for the follow-up of acute -—
bacterial sinusitis. “Considering the relatively short half-
lives of the two study drugs (The half-life of cefixime
averages 3-4 hours, but ranges up to 9 hours; and the half-
life of amoxicillin is 1.3 hours and that of clavulanate is - ‘
1.0 hour), the MO considered posttherapy follow-up from days
+8 to +21 adequate to detect significant relapaes. If a
patient was seen with relapse on day +22 or later, this visit
was considered unevaluahle by the MO, [who felt that]relapse
occurring after day +21 should not be held against ●ither
study drug. However, if a patient returned for follow-up
beyond day +21 with a clinical assessment of cure, this
patient would be considered evaluable.”c

Review of NDA 50-664/Amendment #1 to S-003 and NDA 50-

665/Amendment #l to S-003 (CEFZIL”, cefprozil tablets)
required that a patient would be unevaluable if they were ‘not
seen at least 10 days after completion of course of therapy,
[which] correlates with IDSA guidelines that stress follow-up
evaluations to be done at least 10-14 days after antimicrobial
therapy for sinusitis is completed.” The exception to this was
that “patients could be considered a failure if at any earlier
visit deemed as being S0.”9

Thu S , the basis for the decision to use the YtOS evaluation (28-32 days

posttherapy) as the primary clinical endpoint was based on the fact that:

(1) the original (2-5 days posttherapy) and the extended (2-lo days post-
therapy) windows for the EOT visit were to early in the course of the
disease to be definitive time points for test-of-cure, since the accepted
duration of (treated) bacterial sinusitis is three weeks, and (2) while the
EOS evaluation (28-32 days posttherapy) may not be the optimal time point
for test of cure (because relapses at this late a time point may not be
definitively attributed to tbe study drug), this later time point was
superior to the earlier time point for the test-of-cure evaluation, since
it is beyond the time point at which acute sinusitis should have fully
resolved and thus is a more stable point estimate.

6. In regards to categorisation of the clinical renponse, the sponsor defined the
clinical response at both the EOT and the EOS visits according to the “cured-
improved-failed-relapsed” scale delineated in sections 7.2 and 7.3.1 above. The
medical officer considered that, since both the medical and otolaryngology
literature would suggest that acute sinusitis should completely resolve within 3
weeks, the category of “imprwed” was not applicable to the evaluation at the EOS
visit. Thus, the clinical evaluation ●t the =0S visit was changed to ● dichotomous
variable %ure\failedO, predominantly on the presence or absence of the ANY of the
major/cardinal 8igns/mymptoms of ●cute bacterial minumiti8 as defined in the
inclusion criteria of the study protocol:

cure-complete resolution of all symptoms, including fever, facial pain
headsche, malar tenderness and purulent discharge, indicative of acute

8
Leissa B. Medical Officer’s Review of NDA 50-621, Suppl.004, 014, 015, 016, p.B4z-B5, p.

C14, final draft 05-Dec-91. --

9 Rakowsky A. Medical Officer’s Review of NDAs 50-664 and 50-665, Supplement 003, p.08,

final draft 21 14ay-95.
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sinuiitis.
fail- the persistence (treatmentfailure) or recurrence (early or late
relapse) of anY of the symptoms of acute stiusitisrinclu~n9 persistent “
purulent nasal discharge in isolation from other symptomatology. _

The basis for this decisionare documentedin the followingparagraphs taken from
the ENT and medical literature: .-

‘Symptoms of acute maxillary sinusitis should resolve within 5 days
when treatment with appropriate antibiotics and decongestants is
begun.”’”

“Acute sinusitis should be fully resolved within three weeks.=xx

“most patients recover from acute sinusitis within three weeks. For
some patients, the problem remains unresolved, and the sinus mucosa
undergoes changes that prolong the infection.=%>

‘Acute suppurative sinusitis is any infectious process in a paranasal
sinus lasting from 1 day to 3 weeks.->>

“Those with acute sinusitis whose symptoms persist despite an adequate

course of antimicrobial treatment should be treated with sinus

lavage.””

Furthermore, symptoms indicative of treatment failure in acute sinusitis may be
subtle: the only symptom present in a case of treatment failure may be the
persistence of purulent nasal discharge. Gwaltney summarizes the issue in the
following: “It shouldbe emphasizedthat clinicalimprovementwas seen in the face
of bacteriologicfailurein patients in whom the infectingbacteria was resistant
to the antibioticgiven. Particularly,facial and “sinus= discomfort tended to
resolve despite continued high concentrationsand exudate in the sinus cavity,
presumablybecause these complaintswere associatedwith initial stretchingof the
sinus membrane in the early stages of infection. Persistent nasal discharge and
abnormal tonal quality of the voice appeared to be more sensitive signs of
continuing disease.==”

7. In regards to categorization of minor 8pptOmS/8ign# (such as isolated -
congestion and post nasal drip) that were not cardinal siws and swt~ of acute
bacterial sinusitis (as defined by the inclusion criteria of the protocol) the
medical officer attempted to determine if these were attributable to (1) pre-

10
Frazier LW, Corey GR. Acute Bacterial Sinusitis. -47(3):115-7, 1986.

II
Richtameier WJ, Medical and surgical Management of Sinusitisin Adults. m OtQl

w ~ 101:46-50/1992.

12
Godley FA. Chronic Sinusitis: h Wpdate. Am Fam Phys 45(5):2190-8, 1992-

13Melen I. Chronic Sinusitis: Clinical and Pathophysiological Aspects. ~ Ot~
Suppl 151:45-8, 1994.

14
Gwaltney JM. Therapeutic approach to SinUSitiS: Antiinfectious therapy as the baseline

of management. - ~ 103 ‘S76~ 1990.

15 Gwaltney m!. The microbial etiology and antimicrobial therapy of adults with acute
community acquired sinusitis: A fifteen-year experience at the University of Virginia and review
of other selected studies. 90:457-62, 1992.
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existing allergic rhinitis
patient who were treatment

or chronic sinusitis or (2) represented a cohort of
failures progressing into subacute/chronic sinusitis.

There exists debate in the literature regarding the pathophysiology of chronic
sinusitis. There are authors who argue that chronic sinusitis arises primarily
from chronic obstruction of the sinus oatia secondary to anatomic abnormalities of
the osteomeatal complex through which the sinuses drain into the noselc.
Others argue that it generally arises from untreated, partially treated or
treatment failure of acute sinusitis’. Patients with chronic sinueitis rarely
present with spiking fevers, purulent discharge and peripheral leukocytosis.
Instead, they present with a constellation of symptoms which usually includes not
only the “triad” of chronic sinusitis (sinus congestion, postnasal drip, and
fatigue), but also retrobulbar pressure/headaches, daily facial pain, daily
headaches for several weeks, ear pain, and ear blockage’. Of particular note,
“Nasal airway obstruction and post-nasal drip may be the only complaints”ig.
Because of the subtly of symptoms comprising the syndrome of chronic sinusitis, the
medical officer applied the following criteria to the analysis of the “minor
symptoms” of nasal congestion and postnasal drip remaining at the EOS visit:

7.1. if the subject had a history of allergic rhinitis AND has
resolution of all major eymptoms of sinusitis, these symptoms
were attributed to the allergic rhinitis

7.2. if the subject had ANY other symptoms of acute sinusitis, these
symptoms were considered indicative of clinical failure

7.3. patients with congestion and/or PND WITHOUT other signs and
symptoms of sinusitis or a history of allergic rhinitis were
evaluated as a separate subset to determine whether, if this
cohort was treated as clinical failures that were progressing
into a subacute/chronic sinusitis, this would affect the
relative cure rates of the two treatment arms

8. In regards to the use of concomitant antibiotic therapy from the time of
enrollment through the end-of ntudy visit, the following criteria were applied:

8.1. A patient was fully clinically evaluable only if the patient did
NOT receive concomitant antibiotic therapy:

- Within 48 hours prior to enrollment in the protocol
- During the treatment period
- From the end of the treatment period to the poatstudy evaluation
- At the evaluation for clinical relapse

8.2. if the patient received pretherapy antimicrobial treatment with
another antibiotic, the patient was clinically evaluable only
if there was a pathogen isolated on admission culture. If no

16
Messerklinger W. On the drainage of the normal frontal sinus of man. u

~ 63:176-81, 1967; Stammberger H. Endoscopic ●ndonasal surgery-concepts in the
treatment of recurrent sinusitis. 94:143-56. 1906; Sta@erger H.

Nasal and paranasal sinus endoscopy. ~ 18:213-8, 1986.

17
Kern EB. Suppurative (bacterial)

18
Godley FA. Chronic Sinusitis: An

19
Kern M. ~- 81(4): 198.

sinusitis. ~ 81(4):194-210, 19S7.

Update. ~Fam ~ 45(5):2190-2199, 1992~-

_
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1

pathogen was isolatedon admission culture, the patient was
both clinicallyand microbiologicallyunevaluable.

8.3. if the patient received an alternative antibiotic AND there was -
clmar documentaticm of an altozaative diagnosis for whic%e
other antibiotic was prescribed, the patient was categorized
as clinically unevaluable.

8.4. if the patient received an alternative antibiotic AND there ~as
no documentation of an alternative diagnosis for which the
alternative antibiotic may have been prescribed, the patient
was deemed clinically evaluehle (only) as a treatment failure.

9. Subjects must have completed an adequate course of therapy of either

study drug, with “adequate course” defined as follows:

9.1. for patients designated as a clinical cure at EOS, a minimum of
7 days or 70% of the minimum dose specified by the protocol

9.2. for patients designated a clinical failure at EOS, a minimum of
72 hours of study drug was to have been taken

9.3. for the levofloxacin arm, no more than 2 missed doses within the
dosing interval requiring extension of the dosing interval to
complete the full 10-14 doses of therapy

10. Symptomatic response “unable to evaluate” at either the EOT or the EOS
evaluation remained disqualified from the efficacy analysis. The exception to this
was a patient who was declared a clinical failure during therapy or at the EOT
visit : this failure was carried forward as “evaluable” regardless of the EOS

evaluation.

10.2.2. Microbiologic evaluability criteria as per medical Officer:

1. Pretherapy sinus culture, obtained EITEBR by direct aspirate or by endoecopy,
was positive for:

Subgroup 1: All microorganisms isolated on admission culture
subgroup 2: One of four pathogenic organisms, including Streptococcus pneumonia,

Haemophilus influenza, Brsnhsmella catarrhalis, and Staphylococcus aureus. -
Subgroup 3: One of three pathogenic organisms, including Streptococcus pneumonia,

Haemophilus influenza, and Brsnhsmellacatarrhslis.

2. Patients met criteria for clinical evaluability at ALL time points during the
study

3. MY secretions that were suitable for culture were cultured. The use of the
category “presumed eradication” was reserved only for those cases in which
there was no residual secretions to culture

4. In regards to the use of concomitant antibiotic therapy from the time of
enrollment through the end-of study visit, the following criteria were
applied:

4.1. A patient was fully microhiologically evaluable only if the
patient did NOT receive concomitant antibiotic therapy:

- During the treatmentperiod
- From the end of the treatment period to the poetstudy evaluation
- At the evaluation for clinical relapse

4.2. if the patient received pretherapy antimicrobial treatment with
another antibiotic, the patient was microbiologically
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evaluable if there was a pathogen isolated on admission
culture. If no pathogen was isolated on admission culture,
the patient was both clinically and microbiologically -
unevaluable.

4.3. if the patient received an alternative antibiotic ANO there was
clmar documentationof an alternative diagno8im for which the
other antibiotic was prescribed, the patient was catego~i~ed
as microbiologically umevaluable.

4.4. if the patient received an alternative antibiotic AND there was
nO documentation of an ●lternative diagnoais for which the
alternative antibiotic may have been prescribed, the patient
was deemed microbiologically evaluable (only) ●s a peraiatat

pathogen.

5. Subjects must have completed an ●dequate courme of therapy of either study
drug, with ‘adequate course” defined as follows:

(I) for patients designated as a microbiologic eradication, a minimum of 7
days or 70% of the minimum dose specified by the protocol

(ii) for patients designated a microbiologic persistence, a minimum of 72
hours of study drug was to have been taken
(iii) no more than 2 missed doses within the dosing interval requiring
extension of the dosing intenfal to complete the full 10-14 doses of therapy

7. With regards to distinguishing S. aureus as a pathogen from S. aureus as a
contaminant, the medical officer acknowledges that the best method is by
quantitative culture, with isolates of >103 CFU/mL being considered pathogens, and
those below this breakpoint being considered contaminants. There were no
quantitative cultures obtained in the conduct of this protocol, thus, the medical
officer and team leader chose to use evaluate only the isolates of S. aureus that
were obtained as monomicrobial isolates as pathogens. Isolates of S. aureus from
polymicrobial infections were considered contaminants for the purposes of this
analysis.

8. In evaluating isolates of Staphylococcus aureus (as a contaminant vs. a
pathogen), the medical officer applied the following criteria:

8.1. In regards to S. aureus as a pathogen, the medical officer is aware
that controversy exists in the literature. However, recent
literature reviewsa” and Division of Anti-Infective Drug Product

20
Gwaltney JM, Scheld M, et.al., The microbial ●tiology and antimicrobial therapy of

adults with acute cormmunity-acguiredainuaitia: A fifteen-year experience at the University of
Virginia and review of other selected atudiea. ~~~ 90:4S7-62, 1992; Winther
B, Gwaltney JW. Therapeutic approach to ainuaitis: Antiinfectioua Therapy aa the baseline of

~a9ement. ~ 103:876, 1990; Calhoun K. Diagnoais and management of
sinusitis in the allergic patient. 107:8S0-4, 1992; Gleckman RA. AcuCe
Bacterial Sinusitis. ~ pp. 92-100. January 30, 1986; Frazier U, Corey GA. Acute
Bacterial Sinusitis. ~ 47(3):115-7, 1986; Gwaltney JM, Sinuaitia. In Mandell GL, Dolin R,
Bennett JE, eda. Principles and Practice of Infectious Diseases, 4th Edition, New York, Churchill

Livingston, 1995, 585-90; Kennedy DW. Medical Management of Sinusitis: Educational Goals and
Management Guidelines. In: Intexmational Conference on Sinus Disease: Terminology Staging,
Therapy. w Otol ~ 104(10 part 2):22-30, 199S; Jousimies-Somer NR, Savolainen S,
et.al.r Macroscopic Purulence, Leukocyte Counts, and Bacterial Morphotypes in Relation to Culture
Findings in Acute Bacterial Sinusitis. 26(10):1926-33, 1988; Berg O, Carenfelt
C. Bacteriology of Maxillary Sinusitis in Relation to Character of Inflammationand Prior
Treatment. ect u 20:511-16, 1988.,

—
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Advisory Committee2i have considered S. aureus to
acute bacterial sinusitis, includinq maxillary
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be a pathogen in
sinusitis. The

frequency of S. aureus as a pathogen in maxillary sinusitis &

less than in frontal and sphenoid sinusitis, whe~it is a
major pathogen.22 S. aureus is considered as a pathogen in up

to 8% of cases of maxillary sinusitis, but is the responsible
pathogen in over 50% of the orbital and intracranial
complications of maxillary sinusitis’. Thus, when S. aureus
is a pathogen in maxillary sinusitis, it is generally more
aggressive than other pathogenic bacteria. Given these lines
of evidence, the medical officer considered S. aureus to be a
pathogen in acute bacterial sinusitis, both in the maxillary
and other sinuses.

8.2. S. aureus may also be present as a contaminant when isolated
from the maxillary sinus by either endoscopy or aspirate, and
the rate of isolation as contaminant is greater with endoscopy
than with direct aspiration. A recent DAIDP Advisory
Committeesa’ considered a breakpoint of 216 cFU/mL to
distinguish pathogens from contaminants in cultures of sinus
secretions obtained by either endoscopy or sinus aspirate.
However, quantitative cultures were not included as part of
Protocol N93-006, and, thus, these data were not available to
distinguish S. aureus as a pathogen from S. aureus as a

contaminant. While the MO and Team Leader MO are aware that

recent advisory committees have considered S. aureus to be a
pathogen in polymicrobial infections when isolated 2103
Cl?U/mL, a decision was made to only consider as clinically
evaluable for this review those cases in which S. aureus was

isolated in monomicrobial infections. If S. aureus was isolated

as part of a polymicrobial infection, it was considered a contaminant
for the purposes of this analysis.

21
53rd Anti-Infective Drugs Advisory Committee, November 17, 1994, Versailles Rooms III

and IV, Bethesda Holiday Inn, 8120 Wisconsin Ave, N.E. Washington, D.C., 20002

22
Bamberger DM. Antimicrobial Treatment of Sinusitis. ~6(2): 77-94, 1991.

23
Frazier LW, Corey GR. Acute Bacterial Sinusitis. ~ 47(3): 115-7, 1986, “

24
53rd Anti-Infective Drugs Advisory Committee, November 17, 1994, Versailles Rooms III

and IV, Bethesda Holiday Inn, 8120 Wisconsin Ave, N.E. Washington, D.C., 20002
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11. Investigators and Study Sites:
This protocol was conductedby a total of 34 investigatorsat a total of 50 study
sites. All of the study sites were within the continentalUnited St~es.

Table 11
Clinical Investigators and Study Sites: Protocol N93-006

Investigator Study Site(s)

Glenn A. Amabeugh, M.D.

Kent E. Anthony, M.D.

Patrick D. Bianchi, M.D.

Merrill A. Biel, MID. , Ph.D.

Jamea E. Carrshre, M.D.

James M. Chow, M.D.

Gregory V. Collins, M.D.

Anthony F. Cutrona, M.D.

Michael Bennington, M.D.

Stephen H. Dyke, M.D.

David R. Edelstein, M.D.

Jeffrey R. Fenwick, M.D.

Jo6eph V. Follett, M.D.

Linda J. Gorin, M.D.

Thomas M. Kidder, M.D.

Terry lCein, M.D.

Elliot J. Kopp, M.D. and
~UglaS Freeman, M.D.

Terrence J. Lee, M.D.

Joseph Liotti, D.O.

Thnmss U. Littlejohn, III, M.D.

Douglas G. Nann, M.D.

B. chandler Msy, M.D.

~teven P. McClean, M.D.

York SST Associate, York, PA; USA

R/D Clinical Research, InC., Nassau say, TK; USA

Community Medical Arts Center, Tallaasee, AL; Eclectic, AL; USA

Minneapolis Ear, Nose & Throat Clinic, Minneapolis, MN; USA

Chanhasaen Nedical Center, Chsnhssaen, NN; USA
Ridgeview Medical Center, Waconia, KN; USA

Loyola University, Neywood, IL; USA

Charlotte Clinical Research, Charlotte, NC; USA

Western Reserve Cart Syatem, Northside Medical Center, Youngstown, OH; USA
Western Reserve Care System, Southside Medical Center, Youngstown OH; Bcardman, OH; USA

Aurora, CO; USA

New England Clinical Research Center, Hampton, NN; USA

Nsnhsttan Bye, Ear & Throat Hospital, New York, NY; USA

Trident Bar, Nose, Throat, Head and Neck Surgery Aasociatea, P.A., Charleston, Sc; USA

Internal Medicine Group, P.C., Cheyenne, NY; USA
Southeaat Wynming Sar, Nose & Throat Clinic P. C. , Cheyenne, WY; USA

Memnrial City Medical Center , Houston , TK; USA

Medical College of Wisconsin, Nilwaukee, WI; USA

Mid-Kanasa Ear, Nose & Throat ASSOC. PA, Wichita, KA; USA
Family Medicine Seat Chartered, Wichita, n; USA

Raleigh BNT, Raleigh, NC; USA
Caroline Bar, Nose & Throat, Raleigh, NC; USA
N.C. Arthritis & Allergy Care Center, Raleigh, NCI USA

Asheville Infectioua Diaeaae Consultents, Asheville, NC; USA

Future Health Care Research Center, West Orange, NJ; USA
Saint Bamabus Outpatient Centers, Meat Orange, NJ; USA

Winston-Salem, NC, Piedmont Research Aeaociatea, Winetnn-salem, NC; USA
Salem Family Practice, Winacon-Salem, NC; USA
14splewod Family Prattice, Winston-Salem, NC; USA
Salem Cheat Specialist, Winston-Salem, Nc; USA
Salem Bar, Nose, and Throat, Winston-Salem, NC; USA

Plastic Surgical, Ear, None and Throat Associates, Media, PA; USA
Plaatic Surgical Sar, Nose, and Throat Associates, Cheater, PA; USA

Santa Barbara, CA; USA

Seattle, WA; USA
Rent on, WA; USA

——
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Table 11
Clinical Investigators and Study Sites: .-

Protocol N93-006 (continued from previous page)

Investigator Study Site(s)

Richard R. Moyer, u.D. Mesabe Clinic, Hibbing, PUi;USA

Brik Nielsen, M.D. The Graduate Hospital, Philadelphia, PA; USA

Jay P. Piccirillo, M.D. Naahi=ton Univeraltv SCMO1 of Nedicine: Jewimh Hompital, St. &uia, MO; USA
lfaahin~tonUniversity School of Medicine: Bamea Hospital, St. Louis, no; USA

Louis Portugal, M.D. and University of Illinois Hospital, Chicago, IL; USA
Richard G. Fiscella, R.Ph., M.P.H.

Donald W. Pulver, M.D. Rochester, NY; USA

J. DanielScott,M.D. R/D Clinical Research, Inc., Lake Jackson, TX; USA

T. Austin Sydnor, M.D. Charlottesville, vA; USA
Narriaonburg, VA; USA
Roanoke, VA; USA
Newport News, VA; USA
Warrenton, VA; USA

Suzanne Weakley, M.D. Houston, TX; USA

[ Welby 1. Winstead, M.D. Louisville, KY; University of Louisville, Louisville, KY; USA
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12. Efficacy as per sponsor:

12.1. Study Population:

12.1.1. Analysis Groups:
Treatment evaluations are based on several analysis groups to assess efficacy and
consistency across different, standard approaches. The discussion and displays
in the body of the report focus mainly on the efficacy analyses based on (I)
subjects classified as microbiologically evaluable according to the protocol-
specified evaluability criteria and (ii) subjects classified as clinically
evaluable according to the protocol-specified evaluability criteria. Supportive
efficacy analyses include analyses-based on all subjects enrolled, i.e., Intent-
to-Treat. Supportive efficacy analyses also include an additional analysis group
- Modified Intent-to-Treat Subjects with an Admission Pathogen - representing
those subjects in the Intent-to-treat group who had a pathogen isolated at
admission.

Table 12.1.1
Number of Subjects by Analymis Group and Study Center

(Protocol N93-006)
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12.1.2. Demographics of Intent-to-Treat Cohort:
Three hundred twenty nine subjects were enrolled in this study at 24~f the 50
centers. A3.1 but one of the three hundred twenty nine subjects received
levofloxacin 500 mg PO q24h (one subject took levofloxacin 500 mg PO q12h in
error) . Of the three hundred twenty nine subjects enrolled in the-~tudy, 12

(3.6%) discontinued therapy prematurely and 317 (96.4%) completed the full course
of study drug as prescribed by the investigator. Of the 12 subjects who
discontinued therapy prematurely, 6 (1.8%) did so because of an adverse event,
2 (0.6%) because of clinical failure as judged by the investigator, 1 (0.3%)

withdrew for personal reasons, 1 (0.3%) withdrew for participation in another

clinical study (not known to investigator at the time of enrollment), 1 (0.3%)
withdrew because of perceived worsening of symptoms, and 1 (0.3%) withdrew
because of a history of chronic sinusitis (not known to investigator at the time
of enrollment) .

Table 12.1.2
Demographic and Baseline Characteristics:
Intent-to-treat Cohort (Protocol N93-006)
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12.1.3. Discontinuation from study:
Subjects could be discontinuedfrom the study due to adverse events, significant
protocol violation, intercurrent illness, treatment failure, or at W request
of the subject.

Figure 12.1.3
Discontinuation/Con@etion Information: Intent-to-treat*CohorS

12.1.4.
criteria,
evaluable

(Protocol N93-006)

I 329 SubjectsEnrolled
I

I

329 Subjects ReceivedLevofbxacin

-+12 s@ectsdisconWJed

I 317SubjectsComPlatedTherapy [

Evaluable Patient Population: Based on their evaluability
the sponsor obtained300 clinicallyevaluableand 13S microbiologically
patients from the intent-to-treatcohort.
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12.1.5. Demographics of the Evaluable Patient Population:
Demographic summaries of sex, age, race, height, and weight are provided for all
patients in the clinically and microbiologically evaluable groups. _

Table 12.1.5
Demographic and Baseline Characteristics:

Sponsor’6 Clinically and Microbiologically Evaluable Subjecte-
(Protocol N93-006)
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12.2. Clinical Efficacy analysis
The clinical efficacy analyses focus mainly on the group of subjects evaluable

for clinical efficacy. The clinicalresponse rates (cured,improved, failed, and
unable to evaluate) at posttherapy were summarized by study center, collection
method, and admission pathogen for subjects evaluable for clinical efficacy.
Supportingsummariesand analyses are provided for the intent-to-treatsubjects,
modified intent-to-treat subjects with an admission pathogen, and
microbiologically evaluable subjects. To allow for a dichotomous analysis, the
clinical response categories of “cured” and “improved” were combined into one
category of “ClinicalSuccess.” For the intent-to-treatand modified intent-to-
treat with an admissionpathogen groups, the clinical response category “failed”
was combined with “unable to evaluate” into one category of “Clinical Failure.”

Transitions from admission to posttherapy of the signs and symptoms of sinusitis

are presented for clinically evaluable and intent-to-treat subjects, modified

intent-to-treat subjects with an admission pathogen, and microbiologically

evaluable subjects. Based on these data, the percentages of subjects with

resolution of these signs and symptoms are presented for the clinically evaluable
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sub j ects. In addition, changes from admission to posttherapy in radiographic
findings are presented for the clinically and microbiologically evaluable

subjects. Clinical response rates at the poststudy evaluation (cured, improved,

relapse, and unable to evaluate) for those subjects who were not~ailed at

posttherapy are summarized by study center and by pathogen for all analysis
groups. A separate listing is provided of clinically evaluable subjects with a

poststudy clinical response of relapse.
.-

12.3. Microbiologic efficacy analysis
Microbiologic response of sinus pathogens to treatment at the posttherapy visit
represents the primary efficacy variable in this study. The microbiologic
efficacy analyses focus mainly on the group of subjects evaluable for

microbiologic efficacy. Summaries and analyses are provided for the

microbiologically evaluable group, for the clinically evaluable group, and for

modified intent-to-treat subjects with an admission pathogen, and are presented
by study center and method of collection (antral puncture or endoscope) .
Admission susceptibilities to levofloxacin are summarized for all pathogens

isolated from subjects. The overall pathogen and infection eradication rates

(eradicated versus persisted) are summarized. To allow for a dichotomous
assessment, the microbiologic response categories of “persisted” and “unknown”
were combined into one category of “persisted”. In addition to the overall

eradication rates described above, eradication rates are also provided according

to whether eradication of the pathogen or infection was documented (i.e. ,

confirmed by culture results) or presumed (i.e., not confi~ed by culture

results) . Subjects who developed an infection while on therapy that was

associated with clinical signs and symptoms are considered to have had a

superinfection.

12.4. Combined Clinical and Microbiologic Efficacy analysis:
As confirmatoryinformation,a cross-tabulationof microbiologicresponse versus
clinical response is provided for subjects evaluable for microbiologicefficacy.
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12.5. Clinical Results
This section of the report focuses on results of the secondary efficacy analyses
of clinical response, based primarily on the group of subjects eva~able for
clinical efficacy. The results from the intent-to-treat, modified intent-to-treat
with an admission pathogen, and microbiohgically evaluable groups were generally
consistent with those from the clinically evaluable group. .-

12.5.1. Clinical Response to Treatment

12.5.1.1. Overall Clinical Response

12.5.1.1.1. Clinical Response Posttherapy (Two to Five Days

After Completion of Therapy)
Among the 300 clinically evaluable subjects, 175 (58.3%) were cured and 90

(30.0%) were improved. Thirty-five (11.7%) of the clinically evaluable
subjects failed treatment. In the microbiologically evaluable group,
levofloxacin treatment resulted in 63.0% cure, 27.5% improvement, and 9.4%
failure. In the intent-to-treat group, levofloxacin treatment resulted in
57.1% cure, 29.5% improvement, and 13.4% failure. Among modified intent-
to-treat subjects with an admission pathogen, levofloxacin treatment
resulted in 60.4% cure, 27.3% improvement, and 12.3% failure.

Table 12.5.1.1.1.A
Clinical Response at Posttherapy (2-5 days) Evaluation by Study Center:

Sponsor’s Clinically Evaluable Patients (Protocol N93-006)
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Klein 3 1 (33.3) 2 @6.7) o (0.0)
K- 53 26 (49.1) 18 (340) 9 (1711)
Uoul 1 1 (looIf) o (off) o (0.0)
Umejohl 16 9 (s00) 5 mm 4 Q=)
May 1 0 (OIJ) 1 (loon) o (0.0)
McClean 13 7 (53.6) 5 @ii) 1 (7.7)
MO-1 1 1 (1OOIJ) o (Da) o (oD)
POltl@ 2 1 (s00) 1 (s0.0) o (00)
Pdver 3 2 (66.7) 1 (333) o (W
Sdl 11 9 @ll.6) 1 (s.1) 1 (9.1)
qdnor 107 79 (73.6) 19 (17s) 9 (8.4)
Waddey 17 8 (47.1) 6 (47.1) 1 (5.9)

Tdd 3s0 475 (5$.3) =m.0 35 (11.7)

Numbersahownh Parmthaaeawepercdagea forlhdcdegory.
.Awhrfowofl-10 deyaposillwapywea used tirddermhetion ofewtitility.
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To allow for a dichotomous assessment of clinical response, the clinical
response categories “cured” and “improved” were combined into a single
category of ‘Clinical Success”. Among clinically evaluable subjects,
levofloxacin treatment resulted in B8.3t clinical success at the
posttherapy evaluation. M the intent-to-treat group, the clinical success
rate was 86.6%. Clinical success rates in modified intent-to-treat in
stijects with an admission pathogen and microbiologically” =valuable
subjects were 87.7% and 90.6%, respectively. Clinical cure and success
rates were generally comparable across the various sex, age, and race
subgroups.

Table 12.5.1.1.1.B
Clinical Success/?ailure Rates at Posttherapy (2-5 days) by Study Center:

Sponsor’s Clinically Evaluable Patients (Protocol N93-006)

Lewtomdn

Invesiimhr N Sumns Fdhxe

Amsbeu@l
Arihony
Bienchi
Carebre
Chow
Collins
Dennin$m
Dyke
EdelSein
Fdlett
Kk4der
Klein
KOPP
Lidti
Littlejohn
Mey
McCleen
Mo%r
Portugel
Pdver
SCot!
s@xlr
Weekley

2
29
1
1
2
2

11
6
3
9
4
3

53
1

18
1

13
1
2
3

11
107
17

m

2
28

1
1
1
2
6
4
3
8
4
3

44
1

14
1

12
1
2
3

10
w
16

(loo .0)
(s6.6)

(loo .0)
(loo .0)

(50.0)
(1M II)

(545)
(86.7)
(Ima)
(689)
(1OOD)
(100.0)
(83.0)
(loon)
(77s)
(loo.0)

@2,3)
(1m .0)
(100.0)
(1000)

(s09)
Ql s)
(s4.1)

($3.3)

o
1
0
0
1
0
5
2
0
1
0
0
9
0
4
0
1
0
0
0
1
9
1

%

(0.0)
(3.4)
(0.0)
(0.0)

(50.0)
(0.0)

(45-5)
(33.3)

(0.0)
(11.1)

(00)
(OR)

(17Ll)
(OLI)

(Z22)
(00)

V.n
(m)
(0.0)
(fMl)
(9.1)
(6.4)
(5.s)

(44.7)

Numbers8howh pwenfhesesuep~gee tithd~ory.
“AwMowofl-10 dewmetlhemw- usedfordetefmhefionofewbd4Mv.
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12.5.1.1.2. Clinical Response Poststudy (28

Completion of Therapy)
Clinical response rates at the poststudy evaluation

72

to 32 Days After

are s~zed and
cross-tabulated against clinical response rates at the posttherapy visit
in the table below for clinically evaluable subjects who had a poststudy
evaluation performed. Of the 264 levofloxacin-treated subject8&ho were
cured or improved at the posttherapy evaluation and had poststudy
evaluations done approximately four weeks later, 21 (8.0*) had relapsed
clinically
of the 175
More than
evaluation

by the time of the poststudy evaluation, including six (3.4%)
who had been cured and 15 (16.9%) of the 89 who had improved.
half of the subjects who had improved at the posttherapy
were found to be cured at the poststudy follow-up visit.

Table 12.5.1.1.2
Clinical Success/Failure Rates at Posttherapy (2-5 days) by Study Center:

Sponsor’s Clinically waluable Patients (Protocol N93-006)

Levdkwdn P*
(14=264T

Pasufmspy N CllIsd Implwal Re@se

cud 175 167 (35.4) 2 [1.1) 6 [3.41
Imprcusd 69 49 65.11 25 12E.1) 15 116.3
T& 2E4 216 M.SI 27 110.Zf 21 (8.01

“Tfi~tisI&@ rnthwfailedahepmftk~wduatkm l%]uddnothue
Ptisvsiwtimsp=fwm=J [llmdaenethdwkfintimdwis.

Numhsshwnhpwmthsses aepefeermgesk thuIxegory.

13.5.1.1.3. Clinical Relapse Rate at Poststudy (28 to 32 Days

After Completion of Therapy)
The 21 subjects (S% of clinicallyevaluable subjects)who had a relapse at
the poststudy evaluation are listed in the table below. Thirteen of the
subjects were microbiologically evaluable and showed microbiologic -
eradication of their pathogen at the posttherapy visit; the admission
pathogens for these subjects were S. aureus,H. influenza, M. catarrhalis,

s. pneumonia, H. parainfluenzae, and S. milleri. S, aureus was the most
commonly isolated pathogen at admission among subjects with a clinical
relapse. only one of these 13 subjects (709) had a culture performed at
the poststudy visit; this culture was positive for the admission

pathogens. aureus) as well as for A. calcoaceticus and E. agglomerans.

—
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Table 12.5.1.1.3.
Subjects with Clinical Relapse at Poststudy (28 to 32 Days)
Sponsor’s Clinically Evaluable PatJents (Protocol N93-006)_

Cliicd MicroMob@c - -
Resoms Rem- el

Sqed lnve4di@or AdnledonPdhcgen d PostlhmQy Padthempy

Umejotsl staphykxeCCtmSumus Impr0w8r4 Em~ed

Fdlstt
Fdlett

Fdktl

Mey
McCleen

Azttlony

Mhorry

Arttlony
Km

AmstOIJ$l

Derrin@rn

DeraW@on
Detin@m

Klein

Sydnor
syhor

No Prwmgen
No Pdhcgen

St@h@coctusaumus

No Pdhcqen

Afomsr#@raJlt#nefa?) eatalmass
st@@coccusWmtls

ffaanmp#rihsMuenzae
No Pd~sm

No Pdhc@m

#aem@itrspamhtWenzae
Haemcphikpam rnrWenzae

LWr@ocmrus pneumw”ae

Staph@coccus aureus

Staphykxoccus W?eus
Streptococcus pneunmnr”ae

Steptococcws m~kvr’

No PL#@en

Moraxella (&anbanrel&) tatatrbah
Haenr@ibs Muenxae

Moradla (Ikanbamelb) catauhds
Stcph*occim aurevs

No Pdmgen

No Pethqen

Impowd

Impoved
lm~

Impoved

cue

lm~

Cue
Cue

Cue

Improved

Immd

Improved

Improved

cm?

S@mf
Swnor
Syklr /laemopAibs in#uenzaa Emdoded

‘&.~ = Nd q@cdrlq m ednissbn petl-mgenrnsidemtiied.
‘TFks@ectelsotredacMue obteineddthepoaMhxiy q#tll’mt Vaspodiive for S.aureu~

A. cakmacetcussnd E. ag@merans

N/A”

Nti

Emdcde&

NIA

Emdcded
Emdoded
Em~ed

NtA

N/A .

Emdcded
Emdcdal

Emdcrked

Emdicded
Em6cded
Emtied
Emdiuhd

NtA

Emdicded
Emdcded
Emdcded
Emdcated

NIA
NfA

73

—



74

12.5.1.2. Clinical Response by Pathogen
Among pathogens isolated, H. influenza, S. pneuznoniae, axldS. aureus were the
most prevalent. clinical success rates (cured + improved) for t~se three
pathogens collected by antral puncture ranged from 93.1%(H. influexzae) to 100%

(S. pneumonia). Success rates were ganerally comparable among the same pathogens
collected by endoscope. The clinical response rates by pathogen for-$he other
efficacy analysis groups were consistent with those from the clinically evaluable
group.

Table 12.5.1.2.
Clinical Response Rate by Pathogen at Posttherapy (2-5 days)

Categorized by Method of Specimen Collection:
Sponsor’s Clinically Evaluable Patients (Protocol N93-006)

Lewtiman

cOkxionhlslfloruP.ettIOgsn’ N’ Cured Impmwed Fdkd

A81balpulcturc
Haem@Wsin#uenzae 2s 20 (SW) 7 (24.1) 2 (6S)
Steptowccuspneumoniae 29 24 (62.6) 5 (172) ~ (0-0
Staphykrcoccus aureus 22 15 (662) 6 (273) 1 (45)
Mo&%eJJa@ranhameJla) catatrhafs 14 8 [57.1) 5 (35.7) 1 G’.ll
Streptococcus sa~uis 6 3 (500) 2 (333) 1 (16.7)
HaemophiA6pataWMenzae 5 5(tma) o (oKl) o (0.0)

EndoecoPs
Haernophwsinffuerlzae 7 5 (71.4) 2 @.6) o (0.0)
Strepfococcuspneumoniae 3 2 @6.7) f (333) ~ (00
Staphybcoccus aureus 11 s (455) 4 @.4) 2 (162)
Momella(dranhamefir) atmrhais 1 1 (100.0) o (OR) o (oil)
Sfmg+owccussanguis oo- 0- 0-
HaemophWspamrntWenzae 1 1 (Ima) o (on) ~ (00

Numbemahownh perenhescs erepercertagesti fhdtiegay.
“AWxkwvofl.10 deyapostfherapy~ ussdkwddermhsfion ofewhtiity.
‘N25tirbdhm ethodscanbrned.
“Nunberofwbjeds vhohedthetpd~en, abneorhmmbmtiin WffIdherpe!hogam.
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12.5.1.3. Clinical Signs and Symptoms at Post-Therapy
Among clinically evaluable subjects, there was clearing of individual symptoms
from admission to posttherapy for 73.6% (purulent nasal discharge~to 97.0%
(fever) of the subjects, as presented in the table below.

Table 12.5.1.3
Resolution of Clinical Signs end S~tome at Posttherapy (2-5 &-ys)

Sponsor’s Clinically Evaluebl@ Subjects (Protocol N93-006)

Lewtomon

Sigwsylnptms Reaoived’ (’%)

Fedel Prnn 19sQ4e (799%)

Heedeche 1911341 (79.3%)

F- 64166 (a7.o%)

P@ertNesalDischarge 2u&Q60 (73.6%)

MelerTendemess 15M69 (64.1%)

Dertd Pah 126n36 (S2.6%)

“Sign#synr@anfresmt ddmi~mand~serf dpastther~yevduetion.
‘Denomrntorrqn.sents nwnberofstk@ie wlhtlmta~orsymptom etedrrission.

12.5.1.4. Radiographic Findings
Of the 294 clinically evaluable levofloxacin-treated subjects with abnormal
admission radiographic findings who underwent a posttherapy radiographic
examination, 243 (82.7%) showed either resolution (37.4%) or improvement (45.2%).
Thirty-five (11.9%) subjects showed no change from admission to posttherapy, and
16 (5.4%) showed worsening. Similar results were seen in the microbiologically
evaluable subjects.

Table 12.5.1.4.
Radiographic Findings at Poststudy (2-5 Daye)

Sponsor’s Clinically end Microbiologically Evaluable patients
(Protocol N93-006)

Poettherapy Clhically Evatiable Mlcrobioiogkaty Evaiuebie
Radiographic 0’4=2941! (N=l 3W
Fhdings

No. % No. %

Resotved 110 (37.4%) 53 (39.0%)

improved 133 (45.2%) 63 (46.3%)

No Change 35 (11 .9%) 14 (10.3%)

Worsened 16 (5.4%) 6 (4.4%)

‘One clinkaly evahabie subjec~fiad normal idiographic findings at
acir’dasion,and five subjects didnothave
poaltherapy radiographic data.

bOne~Cr~iOIOgk a~~ahabiewbpd- hadnormsl riiidio9raPhicfin~n9s

aladmbebn, and onesabject~did nothave posttherapy radiogrephk
data.
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12.6. Microbiologic Results
Microbiologic response at posttherapy was the primary efficacy variable in this

study. The analyses of microbiologic response, based primarily on the group of
subjects evaluable for microbiologic efficacy, are presented in detail in this
section, with results of other analysis groups provided in the Supporting Data
section at the end of the text and briefly described here. The results from other
analysis groups were generally consistent with those from the microbio&ically
evaluable group.

12.6.1. Xn Vitro Susceptibility
One hundred fifty-four subjects had pathogens isolated at admission,
including 151 pathogens with known susceptibility and 27 pathogens with
unknown susceptibility. There were 148 (98.0%) pathogens with known
susceptibility that were susceptible or moderately susceptible to
levofloxacin. Pathogens resistant to levofloxacin represented 2.o% of all
isolates with known susceptibility.

Table 12.6.1
In Vitro Susceptibility of til Pathogens Isolated At Admission:

Sponeor’6 Modified Intent-to-treat Patients with an Admission Pathogen
(ProtocolN93-006)

Susc@ibilityofPs4hogen No.(%)”ofPdfmgens

susceptible 147 (87.4%)
ModeratelySusm@4e 1 (0.7%)
ResiSenl 3 (2.0?4.)
Unknom 27

TdalNo,Pathofyms 178

“Perowtegesvere besedonrunbws ofpdW#wUVWknmmSJS#@lties.
Pathcgemswlcisdded tcmls4s@ects.

12.6.2. Microbiologic Eradication Rates

12.6.2.1. Microbiologic Eradication Rates by Subject
Among microbiologically evaluable subjects, the overall eradication rate
was 92.0% (comprised of 78.3% presumed eradication and 13.8% documented
eradication) , with comparable results seen for pathogens collected by
antral puncture or by endoscope. Overall, 11 (8.0%) subjects did not have
their infection eradicated. Eradication rates were generally similar

across age and race subgroups; however, eradication rates were somewhat

higher in women (76/79 = 96.2%) than in men (S1/59 = B6.4%). Among
modified intent-to-treat subjects with an admission pathogen, levofloxacin
treatment resulted in 87.0% eradication and 13.0% persistence (including
4.5% unknown).

-.
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Table 12.6.2.1
Microbiologic Eradication Rates by Subject

Sponsor’s Clinically and Nicrobiologically Bvaluable Subjects

(Protocol N93-006)

. ..

Lewtomdn

ArtrdPIndure Erdoscope Totel .-

Invedigdor N Emdiuded* N Em-d’ N Emtied’

AmdJeugtl 1 1 (lalll) 1 f (lm.o) 2 2 (loom
mhony 11
DeW@xr 7
Dyke o
E@steh 3
Fdktt 1
~wa. o
Klein 1
KOPP 26
LitUejJhm s
McClean 3
Pulver o
Sdf 5
Sydnlx 40
Weekley 12

10 (30.9)
4 (57.1)
o (-)
3 (lm.o)
t (lm~
o (-)
1 (Ima)
22 (645)
5 (lma)
2 (66.7)

: (1:)0)
40 (100.0)
12 (1OOD)

o 0 (-)
o 0 (-)
5 4 @Jo)
o 0 (-)
2 2 (lm.o)
3 3 vm.q
o 0 (-)
o 0 (-)
6 5 @33)
4 4 (100.0)
2 2 (100.0)
o 0 (-)
o 0 (-)
o 0 (-)

11
7
5
3
3
3
1

26
11
7
2
5

40
12

10 ‘mtsj
4 (s7.1)
4 (s0.0)
3 (lm.o)
3 (im.o)
3 Nmaj
I (lm.o)

22 (64.6)
10 (MS)
6 (6S.7)
2 (lm.o)
5 (lm.o)

40 (lm.o)
12 (lm.o)

ldal 115 106 (S22) 23 21 (S1.3) 132 127 (32.0)

“Emdkehn of ell pdhogens isotetedbr e wbjeci d admission.
‘Av#dowofl-10 deyspostfherepyweeueedtirdetermhetion ofewtidWty.
‘Nunbersstmwn h~entheses&e percertegesforthd ~egory.

12.6.2.2. Microbiologic Eradication Rates by Pathogen
The overall microbiologic eradication rate by pathogen was 91.3%; this
eradication rate was similar for pathogens identified by antral puncture

(91.2%) and endoscope (92.0%). The most prevalent pathogens were aerobes
(similar numbers of gram-positive and gram-negative pathogens were
obtained) ; a small number of gram-negative and gram-positive anaerobic
pathogens were also identified. Eradication rates were similar for both -
types of aerobes; levofloxacin treatment eradicated 92.7% of the gram-
positive aerobic pathogens and 90.8% of the gram-negative aerobic
pathogens. Too few anaerobic pathogens were isolated to yield meaningful
eradication rates. The most common pathogens isolated, H. influ.enzae and
S. pneumonia, were eradicated by levofloxacin in 97.2% and 100% of cases,
respectively (both collection methods combined) . The other most commonly
identified pathogens were eradicated from 83.3% (S. sanguis) to 1OO%(H.

parainfluenzae) of cases. Similar results were obtained for pathogens
isolated by antral puncture or by endoscope. No subject with
susceptibility data available at posttherapy had microbiologic persistence
of a pathogen that acquired resistance. Of the 13 microbiologically
evaluable subjects with a clinical relapse at poststudy, only three

subjects had a culture done at the poststudy visit; the remainder of the
subjects who were microbiologically evaluable were presumed eradicated
based on clinical response. Two of these three subjects showed eradication
of their infection at both the posttherapy and poststudy visit; the other
subject (709) showed eradication of her infection at the posttherapy visit

and a relapse at poststudy (this latter subject was also a clinical
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relapse) . The eradication
Eradication rates were also

rates across centers were comparable.
comparable across the various age and race

subgroups; however, pathogen eradication rates were somewhat higher in
women (96.7%) than men (84.3%), consistent with the infection e~dication
rates presented in the previous section.

Table 12.6.2.2
.-

Microbiologic Eradication Rates by Pathogen
Sponsor’s Clinically and Microbiologically Xvaluable Subjects

(Protocol N93-006)

Arud~ Endmxpa T&

PdwQ?n C.s@gOryl%hqsn N Etadcatsd N Erdeasaf N EIa&sis8

Akumidsiawzamra?

66 53 (694]
1 1 (103.0)

67 S3 [3401
2 1 lE4Jo)

1* j~ iq:~

115 Im (S?2)

23 26(=61
29 23(lOaol
22 Zi [3SS)
14 13 (3291
6 5(633
5 s [100.0

10 10[1UI.Q
o 0 [-l

15 13 (667)
o 0 (+..-

& 23 i3Z@
23 21 (91.31

7 7 (100.0
3 3 (100.0

11 10 (9119]
1 1 (Im.o]
o 0 (+
1 1[Im.o]

76
1
82
2

161
136

36
32
33
15
6
6

63 (93.8)
1 [lM.01
76 r927]
1 [930)

i47 i3i.3
127 132cg

35[37.21
32[1000)
31 (33.9)
14(33.3]
5 m33)
6 Ilmo)

12.6.3. Superinfection
No subjects in this study developed superinfections.
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12.7. Summary of Sponsor’ ~=Key Efficacy Results ..
Clinical success rates for the clinically evaluable and intent-to-tre~ groups,
and microbiologic eradication rates for microbiologically evaluable subjects and
modified intent-to-treat subjects with an admission pathogen are summarized in
Table 20. Comparable results were seen across analysis groups for both..clinical
and microbiologic endpoints, and show response rates of approximately 90%.
Moreover, there is concordance between the clinical and microbiologic responses
based on a cross-tabulation of clinical response versus microbiologic response,
further confirming the consistency and reliability of these response measures.

Table 12.7.
Summary of Sponsor’s Key Efficacy Results

Sponsor’s and Intent-to-treat, Clinically evaluable,
and Microbiologically Bvaluable Groups (Protocol N93-006)

Table21k SunvnaryofKaYEfricacyReaulla

E~
F%aatidogcd~Euab.sHe 2V 23
MOdhedlrusnnO+M SA#easwlthanAdnksi.n Puhogcn

m.a
2212a (70@

Total
Mia&id@dyEvti* 127t13a
MOdilirdlntd*m# S.&@aswithsnAdnksi.mPathcgsn 1341154 %!

Enrbscmc
E,xJmwd
Pasiswd

21 13 @la 7 (33.!J 1 (4.SI
2 0 (0.0) o loo) 2 (lmo

TOtd
hckual 127 87(68.9
Pasiswd

s (2s9 2 (1.sl
11 0 [0.ol o (Ml II flm.m
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13. Efficacy as per Medical Officer:

13.1. Patient Population:

Of the sponsor’s intent-to-treat cohort, the medical officer considered 84%
(277/329) clinically evaluable. Of the 329 clinically evaluable patients, the
medical officer determined that 384 (105/329) of these were microb~o~ogically
evaluable. Of the clinically evaluable patients, 62% (172/277) were
microbiologically unevaluable. The reasons for both clinical and microbiologic
nonevaluability are summarized in a series of tables under section 13.1.2. The
breakdown of the intent-to-treat cohort into evaluable subgroups is summarized
in Table 13.1, below.

Table 13.1
PDA Clinically end Microbiologically Bvaluable Patients:

Subgroups of Sponsor’s Intent-to-treat Cohort (Protocol N93-006)

Intent-to-treat Cohort
(TotalN)

329

FDA ClinicallyEvaluable PDA Clinically Nonevaluable
277 52

277/329 (84%) 52/329 (16%)

FDA Microbiologically PDA FDA FDA

Evaluable Microbiologically Microbtologically Microbiologically

N (%) Nonevaluable Evaluable Nonevaluable

N(%) N(%) N(%)

105 172 0 52

105/277 (38%) 172/277 (62%) 52/329 (16%)

105/329 (32%) 172/329 (52%)
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13.1.1. Demographics of FDA Clinically and Microbiologically

Evaluable Cohorts
Of the 277 patients in the FDA clinically evaluable patient cohort,”a8 (61%)
were female and 109 (39%) were male. ~s is similar to the distribution found
in the intent-to-treat cohort, as summarized in Table 12.1.2. In the cohort of
10S patients who were both clinically and microbiologically evaluable, there were
63 (60%) males and 42 (40%) females. The distribution among racial groups was
similar for both cohorts, and this was similar to the distribution in the intent-
to-treat cohort. Likewise, the age distribution in the clinically and
clinically/microbiologically evaluable cohorts was similar to that in the intent-

to-treat cohort.

Table 13.1.1
Demographic and Baseline Characteristics:

PDA Clinically And Microbiologically Evaluable Cohorts (Protocol N93-006)

PDA Clinically Bvaluable PDA Clinicallyand
Patients N (%) Uicrobiologically Svaluable

Patients N (%)

TOTAL 277 105

Sa% M 109/277 (39%) 63/105 (60%)
F 168/277 (61%) 42/105 (40%)

Race Caucasian 257/277 (93*) 98/105 (93%)
Black 12/277 (4.3%) 5/105 (3.5%)
Hispanic 5/277 (2%) 5/105 (3.5%)
Asian 1/277 (<1%) .-

Other 2/277 (<1%) .-

Age (yrs) <45 lB6/277 (67%) 79/105 (75*)
46-64 77/277 (28%) 23/105 (22%)
>65 14/277 (5%) 3/lo5 [3%)

.—-———
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13.1.2. Reasons for Nonevaluability

13.1.2.1. Reasons for Clinical Nonevaluability
Of the sponsor’s intent-to-treat cohort, the medical officer con&Sered 84%

(277/329) clinically evaluable. The reasons for nonevaluabilityin the remaining 16%
are summarizedin the tables below.

.-

Table 13.1.2.1.A
Reasons for ClinicalITonevaluability:

ALL FDA NonevaluablaPatiants (Protocol N93-006)

31aes0nfor Xonowaluebility m

Inappropriateclinicalevaluation&te 11

InsufficientCourseof therapy 6

ClinicalDiagnosisUnconfirmed o

Unavalueblefor safety 1

Protocol violation 8

Bxceeded 14 days of therapy 17

Effective Concomitant Antibiotic 5

Ineufficient clinical evaluation 1

1

Uadicacion noncompliance I 3

-
Patient ~ bed two reasons for noneval

.———

~~Pn of Baasm for 3i0nava2uability

(MO MS ●mluetion)

I
No admission laboratory studies

History of Chronic Sinusitis (5)
History of Recurrent Sinusitis (2)
History of Seizure Disorder (1)

E%ceeded 14 days of therapy: uoevalueble as clinical cure

Prestudy antibiotic with no pathogen on admiasion CUIture 13)
Therapy with PCN for alternative diagnosis (2)

Residual dizziness persisting at both EOT and EOS evaluations was not
aPPrOPZlately evaluated

Missed more then 2 doses (2)
Took medication BID (1)

Clinical cure with S. pneumo superinfection on repeat CU1ture

!
bil ity-extended therapy end prestudy antibiotic

--
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Table 13.1.2.1.B.
Reasons for Clinical Nonevaluability:

Patients Bvaluable by Sponsor but Nonevaluable by FDA (Protocol N93,-006)

aoaaonforlkn19veluability H ~-= Of Ree~x for Rm-eluebility

Unevaluable for mfety 1 No admission laboratory studies

Protocol violation 7 History of Chronic Sinusitis (5)
Ilistoryof Recurrent Sinueitis (1)
History of Seizure Disorder (1)

I Sxceeded 14 days of therapy I 16 I Zxceeded I. days of therapy: unevalueble as clinical cure I

Concomitant Antibiotic 4 Prestudy antibiotic with no pathogen on admiasion culture (3)
Therapy with PCN for alternative diagnosis (1)

Inappropriate clinical evaluation 1 Reaiduel dizziness persisting at both ROT end lZOSevaluations was not

appropriately evaluated

1 Medication noncompliance I 2 I Missed more than 2 doses (2) I
I NO End-of-study visit II I I

I contradictory data I I I Clinical cure with S. pneumo s.perinfection on repeat culture I

TOTAL Reaeon.e 33
TOTAL Patienta 32

Patient~ had two reasons for nonevaluability-extended therapy and prestudy antibiotic

13.1.2.2. Reasons for Microbiologic Ifonevaluability
Of the 329 clinicallyevaluablepatients, the medical officer determined that 38%
(105/329)of these were microbiologicallyevaluable. Of the clinicallyevaluable
patients, 62% (172/277) were microbiologically unevaluable. Because of the
controversysurroundingthe inclusionof Staphylococcusaureus as a pathogen, the
medical officer divided the evaluable patient cohort into three subgroups of
microbiologic evaluability:

PDA Microbiologically Evaluable Patients: All Microorganisms
FDA Microbiologically Svalueble Patients: Major Four Pathogens
PDA Microbiologically Evalusble Patients: Major Three Pathogens

The reasons for microbiologic nonevaluability for each of these subgroups are as
summarized in the table below.
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13.2. Clinical Efficacy:
Using the medical officer’s clinical evaluability criteria delineated in Section
10.2.1 of this review, a total of 277 clinically evaluable patients wer~selected
from the @tent-to-treat cohort. The overall cure rate at the post-study

evaluation was 71% for this cohort. Cure rates by investigator are summarized
in the table below.

.-

Table 13.2
Poststudy Clinical Cure Rates By Investigator:

FDA Clinically Bvaluable Subjects (Protocol N93-006)

“Pc

Investicrator

Mnsbaugh
Anthony
Bianchi
Earrabre
Zhow
Collins
Bennington
Dyke
Edelstein
Follett
Kidder
Klein
Kopp
Lee
Liotti
Littlejohn
May
McClean
Moyer
Portugal
Pulver
Scott
Sydnor
iteakley

rotal

study clinicaloutt

N

2
26
1
1
1
2
12
8
3
8
5
3

40

1

1

16

1

13

1

2

3

10

100

17

277

Levofloxacin

Cure”

o (o)
18 (69)
1 (loo)

1 (loo)
1 (loo)

2 (loo)
3 (25)
3 (38)
3 (loo)
4 (50)
3 (60)
2 (67]

24 (60)
1 (loo)

o (o)
12 (75)
o (o)

10 (77)
1 (loo)
1 (50)
2 (66)
9 (90)

81 (81)
16 (94)

198 (71)
—
ne is defined by the reviewing medical offi :er

as either cure or failure (i.e., no xnqrovement category La used) .
Numbers shown in parentheses are percentages for that category.

--
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Table 13.1.2.2
Reasons for Microbiologic Nonevaluahility:

Three FDA Bvaluahle Patient Cohorts
AU Admimsion Pathogens, Major Four Pathogens, Major Three Pati~ene

(Protocol N93-006).- —- ——————--— - —- .

Clinically Clinically and
Evalusble/ Microbiologically
Microbiologically Unevaluable
Unevaluable

NO Admission Pathogen 149

Admission Pathogen not an ‘Accepted Pathogen-++
Evaluable Pathogens: S. pneumo, S. aureus, H. flu, M. cat. 23+*

Evalusble Pathogens: S. pneumo, H. flu, M. cat. 52***

Drug Therapy 17
Insufficient duration of therapy 5
9xtended therapy, unevaluable as clinical cure 11

Concurrent Antimicrobial Therapy 1

Protocol Violation 7
History of Chronic Sinusitis 3
History of Recurrent Sinusitis 2
History of Seizure Disorder 1
Other 1

Inappropriate Clinical Evaluation 3

Total: ?iicrobiologicallyNoaevaluablo Pationta
PDA Evaluable Patients: Xtl Microorganisms 149 25
PDA ~aluable Patients: Major Four Pathogens 172 25
PDA Evalusble Patients: Major Three Pathogena 213 25

Total: Microbiologically Nonevalusbla Patients
PDA Evalusble Patients: Ml Microorganisms 174/277 (63t)
PDA Evaluable Patients: Major FourPathogens 197/277 (71*)
PDA Evalusble Patients: Major Three Pathogens 238/277 (86%)

. . . . . ..-
** Aamlasxon mzcroorganxsm was noc one or me xour organxsms accepcea as patnogens an acute

bacterial sinusitis for purposes of this review.This reviewcontaina three snslyaes of ●fficacy data
with (1) all pathogens, (2) only the subgroup of patients with the accepted four pathogens (S.
pneumo, S. aureus, If.flu, M. cat) and (3) only the subgroup of patients with the accepted three
pathogens (S. pneumo, H. flu, M. cat).
● ** Total number of patients with S. aureus isolated on admiasion was 41, of these, 22 were
microbiokgically evslusble, 7 were microbiologically unevaluable, and 12 were isolated as part of
polymicrobial infections and, therefore considered contaminants for the purposes of this analysis.

-.



13.2. Microbiologic Efficacy .
Study N93-O06 also entailed a microbiologic evaluation. According to the DAIDP
“Points-to- Consider”, this study should establish acceptable mic~bial and
clinical outcome in at least 25 patients with H. influ~zae, in at least 25
patients with S. pneumonia, and in at least 15 patients with M. catarrhalis.
The ‘points-to-Consider” Document does not address the issue of S. au.reus as a
pathogen, nor does it give required numbers for the number of evaluable patients.

Using the medical officer’s clinical and microbiologic evaluability criteria
delineated in Sections 10.2.1 and 10.2.2 of this review, a total of 105 patients

were both clinically and microbiologically evaluable. The sponsor was able meet

the “points-to-consider” recommendations for the number of pathogens for

Streptococcus pneumonia and Haemophilus influenza, but not for Moraxella

catarrhalis.

The cure rates by pathogen for the three major pathogens of sinusitis and s.

aureus are listed below. The clinical cure rates are acceptable for both H.

influenza and S. pneumonaie, but are suboptimal for both Moraxella and S. aureus.

Table 13.2.A

Poststudy Clinical Cure Rates for Subjects with Pathogens of
Primary Interest: PDA Clinically Invaluable Subjects (Protocol N93-006)

Levofloxacin

Pathogen N“ Cureb

Haemophilus influenza 34 25 (74)

Morsxella catarrhalis 13 8 (62)

Staphylococcusaureus 22 11 (50)

Streptococcus pneumonia 29 26 (90)

●N=number of subjects who had that pathogen alone or in combinationwith other pathogena.

(Note: Staphylococcus aureus was considered a pathogen when isolated alone; in polvmicrobial
infections, S. aureus was considered a contaminant. Eleven patients

considered clinically evaluable by PDA had S. aureus as -
part of a polymicrobial infection. S. aureus &ta for these patients is ~ included in this table.)

‘Poststudy clinical outcome ia defined by the reviewing medical officer as either cure or
failure (i.e., no imprwement category is used) . Numbers ahown in parentheses are percentages for
that category.

AS noted previously, there were no quantitative cultures included as part of this
protocol. Therefore, it is unknown whether or not the cure rates and eradication
rates for S. aureus represent isolates with a CFU count that were actually below
the breakpoint for S. aureus as a pathogen.

—



87

The microbiologic eradication rates by pathogen for the three major pa-t@gens of

sinusitis and S. aureus are listed below. The clinical cure rates are acceptable
for both H. influenza and S. pneumonaie, but are suboptimalfor both Moraxella and
S. aureus.

Table 13.2.B
. Overall Microbiologic Eradication Rates

by Pathogen Category and Pathogen:

FDA Microbiologically Bvaluable Subjects (Prokocol N93-0061

Pathogen Category/Pathogen

Pathogen Category

Gram-positive aerobic pathogens

Gram-negative aerobic pathogens

Gram-positive anaerobic pathogens
Gram-negative anaerobic pathogens

Total by pathogen
Total by subject

Pathogen
Haemophilus influenza

Moraxella catarrhalis
Staphylococcus aureus

Streptococcus pneumonia

-..sorpresents microbiologic results separa

Levofloxacin

F’ Eradicatedc
N (%)

63
70

2

1

136

131

34

13

22

50 (79
51 (73

1 (50
1 (loo)

103 (76)
96 (73)

25 (73)
8 (62)

11 (50)
29 I 27 (93)

ly by collection method (i.e., antx
puncture and endoscope). Since results are very similar, FDA presents results for both
collection methods combined.

%I=number of subjects who had that pathogen alone or in combination with other pathogens. (Note:
Staphylococcus aureus was considered a pathogen when isolated alone; in polymicrobial
infections, S. aureus was considered a contaminant. Eleven patients

considered clinically evaluable by FDA had
S. aureus as partof a Polymicroknal xnrecczon. S. aureu.sdata for these patients is ~
included in this table.)

%umbers shown in parentheses are percentages for that category.

As noted previously, there were no quantitative cultures included as part of this
protocol. Therefore, it is unknown whether or not the cure rates and eradication

rates for S. aureus represent isolates with a CFU count that were actually below
the breakpoint for S. aureus as a pathogen. Of the 329 patients in the intent-
to-treat cohort, 44% (276/329) were evaluated by needle aspirate and 23% (64/276)
were evaluated by endoscopy. Of the 277 FDA clinically evaluable patients, 84%
(233/277) were evaluated by needle aspirate and 15% (41/277) were evaluated by
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endoscopy. In the intent-to-treat cohort, the rate of isolation for S. aureus was
9.8% (27/276) by aspirate and 22% (14/64) by endoscopy. Similarly, in the FDA

evaluable patient cohort, the rate of isolation for S. aureus was 9.4% (22/233)

for aspirate and 29% (12/41) for endoscopy. Thus, in the intent-to-tr= cohort,
up to 12% of the S. aureus isolates obtained by endoscopy may represent
contaminants rather than true pathogens, and up to 20% of the S. aureus isolate
obtained by endoscopy in the FDA evaluable cohort could represent co-n~aminants
rather than true pathogen. These calculations should be qualified by the fact
that there are small numbers of patients in the endoscopy group, thus these
estimates may not be representative of a larger sample of endoscopically obtained
isolates.

When a similar analysis was conducted for the FDA microbiologically evaluable
patient cohort, the analysis was done both on a per patient and per isolate
basis. The rate of isolation of S. aureus by needle aspiration was 27% (22/81
patients), on a per patient basis, and 20% (23/116 procedures), on a per
procedure basis; and the rate of isolation of S. aureus by endoscopy was 50%
(12/24 patients), on a per patient basis, and 34% (12/35 procedures) on a per
procedure basis. Thus the rate of contamination in the endoscopically obtained
samples could range up to 23% on a per patient basis and 14% on a per procedure
basis.

-.
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13.4. Overall Success Rates: Analysis

Microbiologically Evaluable Patients
The overall success rates for the three subgroups of
patients are summarized in Table 13.4, below.

89

by Subgroups of FDA

cnicrobiologicall~aluable
The overall success rate

for patients with all pathogens isolated at admission was 70%, for those

with the major three pathogens and S. aureus was 68% and for t~se with

only the major three pathogens was 75%. This emphasizes the deleterious
effect of the low cure/eradication rate for S. aureus on the overall

success rate for treatment of the major pathogens of acute bacterial

sinusitis.

Table 13.4
Overall Success Rates’ by Study Center:

FDA Microbiologically AND Clinically Bvaluable Subjects
(ProtocolN93-006)

Investigator

Amsbaugh
Anthony
Bennington
Dyke
Edelstein
Follett
Kidder
Klein
Kopp
Lee
Littlejohn
McClean
Pulver
Scott
Sydnor
Weakley

Total

“overallsuccesg

All Microorgeni8ans

isolated on

Admission Culture

N

2
8
8
6
3
3
3
1
17
1
11
7
2
5
38
12

127
-
L8dej

Overall

Successb

o (0)
4 (50)
1 (13)
2 (33)
3 (loo)
2 (67)

2 (67)

o (0)
9 (53)
1 (loo)

9 (82)

5 (71)

1 (50)
5 (loo)

33 (87)
12 (loo)

89 (70)

led as clinical c

Admis8ion Pathogens
S. pneumonia

M. catarrhalis
H. influenza
S. aureus

N

1

6
8
5
2
2
3
0
12
1
11
7
2
2
31
9

102
-
e (aa

Overall

Successb

o (o)
3 (50)
o (0)
1 (20)
2 (loo)

1 (50)
2 (67)
o (o)
6 (50)
1 (loo)
9 (82)
5 (71)
1 (50)
2 (loo)

26 (87)
9 (loo)

69 (68)

Admission Pathogens

S. pneumonia

M. catarrhalis

H. influenza

N

o
4
3
2
1
0
3
0
10
1
8
4
2
2

25
6

71

Overall

Successb

o (0)
2 (50)
o (o)
1 (50)
1 (100)
o (o)
2 (67)
o (o)
4 (40)
1 (loo)
8 (100)

3 (75)
1 (50)
2 (loo)

22 (88)
6 (100)

53 (75)

I medical
-

waesaed by the revlewlr
officer) and microbiologic eradication (alao as aasesaed by the reviewing medical
officer) .

hhxnbers shown in parentheses are percentages for that category.

-.
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13.S. Overall Success Rates: Analysis by Pathogen
The overall success rates for FDA clincially and microbiologically evaluable
patients are summarized by pathogen for the four pathogens request= by the
sponsor in the proposed package labelling in Table 13.5, below. As discussed
above under Section 13.4, the overall success rate for patients with the major
three pathogens (Haemophilus influ.enzae, Moraxella catarrhalis, streptococcus
pneumonia) and S. aureus was 68%; and the overall success rate for ~hose with
only the major three pathogens (Haemophilus influenza, Moraxella catarrhalis,
Streptococcus pneumonia) was 75%. The overall success rate for patients with
H. influenza was 73%, for those with Ff.catarrhalis was 62%, for those with S.

aureus was 50%, and for those with S. pneumonia was 93%. Thus, the overall
success rate for patients with one of the four pathogens requested by the sponsor
varied greatly by individual pathogen, and the very low clinical success rates
among cases of sinusitis due to M. catarrhalis and S. aureus contributed to the
low overall success rate for levofloxacin in the treatment of acute bacterial
sinusitis caused by one of these four pathogens. Likewise, the overall success
rate for patients with one of the three major pathogens varied greatly by
individual pathogen, and the very low clinical success rate among cases of
sinusitis due to M. catarrhalis contributed to the low overall success rate for
levofloxacin in the treatment of acute bacterial sinusitis caused by one of the
three major pathogens.

Table 13.5
Overall Success Rates* by Admission Pathogen:

FDA Microbiologically AND Clinically Evaluable Subjects
(ProtocolN93-006)

Admission Pathogens N Overall Success*

Haemophilus influenza 34 25 (73)

Moraxella catarrhalis 13 8 (62)
Staphylococcus aureus 22 11 (50)
Streptococcus pneumonia 29 27 (93)

All Four Pathogens 102 69 (68)
All Pathogens except S. aureus 71 53 (75)

~Overall Success is defined as clinically cured ~ microbiologically eradicated

-.
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14. Safety Results as per Sponsor

14.1. Data Set Analyzed
A subject was included in the safety summaries if he/she received study
dmg and any postadmission data were available. All of the 329 subjects
enrolled in this study were evaluated for safety. .-

14.2. Overview of Safety Data

The most frequently reported adverse events (regardless of relationship to study
drug) occurred in the gastrointestinal (GI) system (17.0% incidence)and consisted
primarily of diarrhea, nausea, flatulence, and abdominal pain. The most common
adverse event, diarrhea, was reported by 7.3% of levofloxacin-treated subjects.
Adverse events in the other body systems occurred in fewer than 5% of subjects,
with insomnia (4.6% incidence) the second most common adverse event in this

study. Eight (2.4%) subjects had adverse events considered marked in severity.
Twenty-nine (8.8%) subjects had adverse events considered by the investigator to
be probably or definitely drug-related.

Six (1.8%) of 329 subjects evaluable for safety discontinued due to adverse
events. Three subjects discontinued because of skin-related adverse events (rash,
pruritus, and/or edema) and three discontinued because of GI-related adverse

events (diarrhea, nausea, or abdominal pain); one subject who discontinued
because of a GI event also discontinued due to dizziness and lightheadedness. One
serious adverse event (myocardial infarction) was reported; this event was
moderate in severity and considered by the investigator to be unrelated to study
drug administration. No deaths occurred during the study. Clinically significant
treatment-emergent changes in clinical laboratory tests, physical examinations,
and vital signs occurred infrequently.

14.3. Treatment-Emergent Adverse Events
One hundred twenty-nine (39.2%) of 329 subjects evaluated for safety reported at
least one treatment-emergent adverse event during the study, including events
considered by the investigator as related or unrelated to study drug. These are -
summarized by body system in Table 14.3.A, on the following page. The body system
with the highest reported incidence of adverse events was the gastrointestinal

(GI) system in which 56 (17.0%) of the subjects reported an adverse event.
Adverse events in the other body systems occurred in fewer than 10% of subjects.

Adverse events (primary terms) reported for at least 2.0% of subjects are

presented in the Table 14.3.B, on the following page. The most frequently
reported adverse events were diarrhea (7.3%), insomnia (4.6%), nausea (4.3%), and

flatulence (2.7%). Psychiatric/ CNS adverse events, consisting primarily of
insomnia, occurred at a rate of 4.7%.

-.
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Table 14.3.A
Incidence of Adverme l!ventaS~rized by Body System: ‘_

Subjects Bvaluable for Safety (Protocol N93-006)

92

N.329

BdY System N %
.-

0 asbohtdd Sydan Disorders 56 (170)

PsycNetricDismders 2f (6.4)

BodyesaW?mle -GenerdDlmnke 19 (5S)

Certrd8Per@herd NemJusSystemDkorders 17 (52)

Re@rdorySystan D~rs 16 (4S)

Stir! md Appends- Disorders 15 (4S)

Muti~Skeldd Sydem Diarders 11 (3.2)

Re$S~ Me&mii Disaders 6 (2.4)

Hewhg md Viedibd.wDiswders 6 (1s)

Vin Disnrders 4 (12)

Re~odudive D-dam, Female’ 3 (1.6)

SpecialSenses Other,Dknders 2 @s)

Cerdiovsscder Disorders,Omerd 1 (0.3)

w, Endo-, Pmiowdii & Vdw Dtirs 1 (03)

Veswler (Estmcerdec) Disorders 1 (03]

Tohl With AdwY~ E-s i%) 12s nss)

—

“Percertege inr this bodysydem is based onfhe tdel numberof wxnen evdtik W
SSWY(N=l92).

Table 14.3.B
Incidence of Frequently Reported Adverse Bventa (22%)

Summarized by Primary Term:
Subjects Bvaluable for Safety (ProtocolN93-006)

Lew90mdn (N=32S)

B@I S@m4hinuy Tam No. Subjeds % s@scts

AS Bo@#S-ON 12S SS.2

G~ SydesnDieruskm

Dimhee 24 7.3
Nausea 14 4.3
Fktdmm 9 2.7 “
#Monrhd Pdn 7 2.1

PqdridIis Dialdas
Imomtia 15 4s

Ce’Ad & Peripluel ih’eam~mmdxs
Headache 8 2.4

DitinBss 7 2.1

BIM&Aa AWmie-Gaursa10iaofda8
Pah 7 2.1

“Prtmwyterm reportedby22.0% of s@@cts.
—
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The majority of adverse events were assessed as mild or moderate in severity.
Eight (2.4%)subjects reported one or more adverse events of mrked severity; .no
marked adverse event of a specific type was reported by more than one subject.
Pruritus and erythematous rash in one subjectwere consideredby the ti=stigator
to be definitely related to study drug administrationand genital moniliasis in
another subject was considered probably related; none of the other markedly
severe adverse events was considered drug-related. One of the eight-subjects
with marked adverse events discontinued study drug treatment due to adverse
events. In general, the profile of adverse events in these different subgroups
was comparable to that obsened in the study population as a whole. The
percentage of subjects 65 years of age or older who reported at least one adverse
event was higher than in the overall study population (52.6% vs. 39.2%,
respectively) , but the significance of the finding is unclear given the small
number (N=19) of subjects in this age subgroup.

Table 14.3.C
Subjects with Adverse Bventa of Marked Severity:
Subjects Evaluable for Safety (Protocol N93-006)

S*ect AdvarssEvent Reldionsh@To
Nun bar w Sex (PriieryTerm) StudyDrw”—

Lwotloaasin

43 F Di~nass Remote

33 M pNdius DeltMte
E@hematmRe* Detdte

64 M Headache Remde
FdiWe Rarde

41 M h@3111tia Remcta

46 F P*’ None

55 F MJlfal$a Posaitde

xl F @rilalMotiids Probable

“BasedcmhwSi@or% asssas?nart.
‘FacMPeh.
*S@actdtiwedctuetothaseadwrseevants. (~eT&k24)

No deaths occurred during the study. Six (1.8%) of the subjects enrolled in the
study discontinued due to adverse events. Three discontinued because of skin-
related adverse events (rash, pruritus, and/or edema) and three discontinued
because of GI-related adverse events (nausea, abdominal pain, or diarrhea). One
subject (504) who discontinued because of a GI adverse event (nausea) also
discontinued due to dizziness and lightheadedness.

One subject experienced a serious adverse event (myocardial infarction)
on Day 28, 14 days after completing therapy. This adverse event was considered
by the investigator to be unrelated to study drug administration.

—

-.
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15. Medical Officer’s Conclusions from Study N93-005:

15.1. Clinical Efficacy
15.1.1. The clinical cure rate for levofloxacin in FDA evalueble patbnts with

a diagnosi8 of acute bacterial sinusitis was 79% in protocol 1492-040 end
71 % in protocol N93-006. Protocol M92-040 was an active-controlled study
comparing levofloxacin to amoxicillin/clavulanate, and in this. study the
confidence intervals around the difference in cure rates between the two
arms overlapped zero (95% CI -13.0 to 2.2) . Thus , levofloxacin can be

considered statistically equivalent to amoxicillin/clavulanate in the

treatment of acute bacterial sinusitis.

15.1.2 Protocol N93-006 has significant flaws in tbe protocol design including:
15.1.2.1. The protocol was a completely unblinded study. This is

particularly significant in light of the fact that the clinical

endpoints are subjective and, thus, subject to bias from both (1)

the obsem?er/expectation bias of the investigator and (2) the

reporting/recall bias of the patient reporting the symptoms25.

15.1.2.2. The windows for clinical evaluation at both the End-of-therapy

and End-of-study evaluations were inappropriate to allow for a

definitive test-of-cure evaluation from which could be derived a

stable point estimate for the clinical cure rate. Specifically, the

test-of-cure evaluation should have been conducted at a point at

which the assessment could be dichotomized into a cure/failed

category, eliminating the “clinically improved” category. In this

protocol, the EOT evaluation was conducted too early to assess a
stable cure rate and the EOS evaluation was scheduled too far out
from the end of therapy to differentiate (1) clinical failures

(early relapses) resulting from partial response to study drug or
superinfection from (2) recurrent sinusitis (late relapses)from
reinfection with the same organism or infection with another
organism

15.1.2.3. The clinical assessment categories were Inappropriate. -

Specifically, the clinical assessment should have been a dichotomous

cured/failed category. Acute bacterial sinusitis is a disease that
should be fully resolved by three weeks from diagnosis, and, thus,
if the appropriate time point were used for the test-of-cure
evaluation, should be evaluated as cured/failed. -Any residual
symptoms, though less severe than at clinical presentation and,
therefore, given the clinical categorization of “improved”, are by
strict definition a clinical failure.

—

25
Sackett DL. Biaa in Clinical Research. 32:51-63, 1979.



95

15.1.3. Protocol N93-006 has significant flaws in the protocol in@ementation
including :

.—

15.1.3.1. In adequate documentation of the dates of previous apimdea of
acute sinusitis, histoxy of ChrOItiC sinusitis, and history of
recurrent sinusitis. Multiple examples were present of-patients
with (1)a history of chronic sinusitisor (2) the present infection
being an acute exacerbation of chronic sinusitis being included in
the sponsor’s evaluable patient cohort.

15.1.3.2. Omission of culture of persistent sinus secretions at the
follow-up visits (both EOT end EOS), with.overuse of the designation

of Wresumed eradication” in cases where documentation of
microbiologic outcome was possible.

15.1.3.3. Inadequate of numbers of microbiologically evaluable pathogens
for some pathogens. Study N93-U06 also entailed a microbiologic
evaluation. According to the DAIDP “Points-to-Consider”, this study
should establish acceptable microbial and clinical outcome in at
least 25 patients with H. influenza, in at least 25 patients with
S. pneumonia, and in at least 15 patients with M. catarrhalis. The
“Poi-nts-to-considepj Document does not address the issue of S.

aureus as a pathogen, nor does it give required numbers for the
number of evaluable patients.

15.1.3.4. There was inadequate characterization of the microbiology of the
subjects who were considered clinical failures. According to the
sponsor’s analysis, only 37% (13/35) of patients who were clinical
failures at the End-of-therapy evaluation and 23* (3/13) who were
relapses at post-study were evaluated by culture. According to the
medical officers analysis, only 48% (38/79) of those who were
clinical failures at End-of-study evaluation had specimens taken for
culture. According to the Sponsor’s analysis, of the 13

microbiologically evaluable subjects with a clinical relapse at

poststudy, only three subjects had a culture done at the poststudy -

visit; the remainder of the subjects who were microbiologically

evaluable were presumed eradicated based on clinical response. TWO

of these three subjects showed eradication of their infection at
both the posttherapy and poststudy visit; the other subject Q
showed eradication of her infection at the posttherapy visit and a
relapse at poststudy (this latter subject was also a clinical
relapse) .

An accurate assessment of the &icrobiology in the cohort of clinical
failures is particularly important because this study was designed
to evaluate the efficacy of a quinolone for infections due to
Streptococcus pneumonia and Staphylococcus aureus, two
microorganisms for which there has been increasing resistance to the
quinolone class of antibiotics. As discussed below, S. aureus has
been shown to develop resistalme to quinolone antibioti?x DURING THE

COURSE OF THERAPY. Thus, it is important to characterize the

population of microorganisms comprising the clinical failures and to -

assess if there was development of resistance in the course of

.-
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antibiotic treatment.

15.2. The use of a quinolone antibiotics for infections involving StrZtococcus
pneumoaiae and Staphylococcus aureus may be problematic, since resistance of
these organisms to other quinolone antimicrobial agenta has been shown to occur
relatively rapidly. The use of levofloxacin for the treatment of aih~aitia in

the community will in general be empiric, thus, its cwerage for organisms in
which there could be pre-existing or rapid development of resistance may be
suboptimal and may not be known with great accuracy.

15.2.1. Quinolone-resistance has been documented to occur rapidly in
Staphylococcus aureus.
Quinolone-resistance has been documented to occur rapidly in
Staphylococcus aureus, with methicillin-resistant S. aureus (MRSA)
developing resistance at a more rapid rate than methicillin-
sensitive S. aureus (MsSA). Ciprofloxacin-resistance in S. aureus is

well documented, with reports resistance developing ~ therapy

with these agents2c. One study surveyed the development of

Cipr-ofloxacin-resistance in methicillin-resistant S. aureus (MRSA)

in patients treated with the antibiotic for nonstaphylococcal
infections in a VA Medical Center. These authors reported that 79%

of MRSA isolates were resistant to ciprofloxacin one year after

introduction of the drug, and 91% of MRSA isolates were resistant to

ciprofloxacin two years after introduction of the drug27. Piercy

et.al. reported development of resistance in 16% (6/37) of patients

who were being treated with ciprofloxacin for MRSA colonization and

Mulligan et.al. reported 32% (7/22) of treatment episodes were

associated with the development of ciprofloxacin-resistant MRSA

during the course of antibiotic therap~s. Resistance among

methicillin-susceptible S. aureus (MSSA) has been less widespread
than with MRSA, but has still been reportedzg.

26
Daum TZ, Schsberg DR. Increasing resistance of S. aureus to ciprofloxacin. ~

~ 34:1062-3, 1990; Blumberg HM, Rimland D, et.al. Rapid development of
ciprofloxacin resistance in Methicillin-susceptibleandmethicillin-reaiatantStaphylococcus
aureus. 163:1279-85, 1991; Mulligan ME, Ruane PJ, et.al. Ciprofloxacin for
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27
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While the mechanism of resistance of S. aureus to quinolones is not
completely understood, there are authors who suggest that the rapid
emergence of ciprofloxacin resistance in S. aureus may be-due to the

fact that a single-step point mutation alone can lead to =gh-level
resistance30. For S. aureus, the frequency of alterations in DNA
gyrase caused by single-step mutations increases from 1 in 102 to 1
in 105 when bacteria are exposed to concentrations clos~ to the
minimal inhibitory concentration. The frequency of single-step
mutation to fluoroquinolone resistance in S. aureus ranges from 1.5
x 10-5 at twice the MIC to s3.6 x 10 -12 at eight times the MIC; and

high level resistance occurs with serial exposure of bacteria to

increasing concentrations of fluoroquinolones3x.

15.2.2. Quinolone-resistance has been documented to occur in
streptococcus pneumonia. The mechanism for pneumococcal resistance
to the quinolones is also a one-step point mutation (single amino
acid substitution) in the DNA gyrase leading to high level

resistance32. Quinolone resistance to ciprofloxacin is more
prevalent than resistance to ofloxacin, with one paper in 1992

reporting 95% of pneumococcal isolates susceptible to ofloxacin and
only 68% of isolates susceptible to ciprofloxacin33. However, it
should be noted that development of resistance to antimicrobial
agents is a time-dependent phenomenon, and that ciprofloxacin has
been in use longer than ofloxacin. Data presented by the Center for
Disease Contro13’ at the 35th Interscience Conference on
Antimicrobial Agents and Chemotherapy showed that there could “be
significant development of resistance to ofloxacin in the period of
one year, such that the point prevalence for pneumococcal
intermediate resistance to ofloxacin was 1% in 1993 and 9.5% in
1994. However, it should be noted that there was no absolute
resistance detected in this study.

30
Blumberg SW; Rimlend D. 163:1279-05, 1991; Osh.itaY, Hiramatsu K. A pOint

mutation in norA gene is responsible for quinolone re8istence in Staphylococcus aureus.~
~ Res ~ 172:1028-34, 1990; Yoshida II,Bogaki 14,et.al. Nucleotide sequence and
characterization of the Staphylococcus norA gene, which confers resistance to the quinolones. Q

172:6942-9, 1990; Neu HC. Bacterial resistance to the fluoroquindones. “~ct u
Io(suppl.1):57-63, 1988; Sreedharan S, Oram M. ONA gyrase gyrA mutations in ciprofloxacin-
resistant strains of S. aureus: close similarity with quinolone resistant mutations in E. coli. Z

172:7260-2, 1990.

31Blumberg SW; Rimland D. ~ 163:1279-85, 1991.

32
Piddock WV, Wise R. The selection end frequency of streptococci with decreased

susceptibility to ofloxacin and the other quinolones. 22(suppl C):45-51,
1988.

33
Jones RN, Reller LB, Rosati LA. Oflmcscrn, a new Broad Spectrum Fluoro@inolone:

Results from a Multicenter, NatiOnal C~arative ActivitY surveill~ce Study. ~
15:425-34, 1992.

34
Butler JC, Hofman J, Elliot JA, et.al. Late breakingabstract.35th ICAAC, San

Francisco,CA, September17-20, 1995.
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Pharmacokinetic/pharmacodynamic data have been used to attempt to
predict the clinical efficacy of antimicrobial agents against

specific microorganisms. In the case of the quinolone

antimicrobial, the inhibitory quotient, defined as the AUC/MIC

ratio (the ratio of the Area Under the Concentration-time Curve

(AUC) of the antibiotic to the minimum inhibitory con~~ntration
(MIC) of the S. pneumonia isolate) has been shown to be predictive
of clinical efficacy, with an AUC/MIC value of 40 being the
breakpoint for S. pneumonai~s. Levofloxacin, being the active

isomer of ofloxacin, achieves higher blood level of the active
isomer, and thus has a better inhibitory quotient for S. pneumonaie,
as described in the table below. However, it should be noted that

the MIC90 of some strains of S. pneumonaie is now 24 mcg/mL for both
ciprofloxacin and ofloxacin. At this higher MIC, the inhibitory
quotient for levofloxacin falls below the breakpoint of 40. Thus ,
the margin for “MIC creep” afforded even by the higher blood levels
of levofloxacin is borderline.

It should be noted that all these calculations are theoretical based
on the pharmacokinetic/pharmacodyMmic data of these compounds. For
ofloxacin, there remains a discrepancy between the inadequacy of the
inhibitory quotients and the clinical efficacy, with the clinical
efficacy being better than would be predicted by the marginal
inhibitory quotient against S. pneumonaie.

Table 15.2.1

Inhibitory quotients against Streptococcus pneumonaie for several of the
Fluoroquinolone Antibiotics: Calculated for MICS of 2 mcg/mL and 4 mcg/mL

:;.,3w39>z~w’”mQ~l%?’. .::,’;’‘./:22:;......<.:;::,,,<,,?,/ ,. /..:,..,,;:. Qyinc&e”Z”~;
.:::F:::..’:;.......;.,..;’::’....,:...:.!:...:.::..“ “;~:::;~&i&~<~*”:.:Qu&&~ri~‘“

““{Aw@l& ‘feti’~~!z[~:,:““::::;%{.‘“XA’UG@l?? :g?Y””’,;;.;.~~‘.;titi&cro&i”a&’’::, c:::’:~:’,:;..,........,..>,...:,..:,.:,,::::::,:,,:..Ntc.:y:7"".":"::..".'........3''".".'..`."".,..:.:....:,.:,. ~q’’>+l&@ “::::::::.”:::..,~cg{~’>!.”,;.?~“;””:::’:,..*::...::(~ :::......
.’.,:.:.:....:, .......

MIC AUC/MIC MIC AUC/MIC

Ciprofloxacin “ 2 mcg/mL 11.6 4 mcg/mL 5.8

Ofloxacin 2 mcg/mL 43.5 4 mcg/mL 21.8

Levofloxacin 2 mcg/mL 60.7 4 mcg/mL 30.4

—

35
Dr. David C. Hooper . Presented at the 35th l-c, San Franciaco,CA, sePtember,1995.
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15.3. There is inadequate data regarding the CNS levels of levofloxacin.
This is particularly important in assessing the adequacy of this drug for
coverage against CNS seeding in bacteremic pneumococcal :~eumonia.
However, also for CNS coverage in sinusitis (particularly S. pneumonia
and S. aureus, given that the venous drainage of the sinus is posterior
into the venous drainage of the CNS. .-

According to the biopharmaceutics reviewer, the pharmacokinetics and

distribution of levofloxacin are comparable to that of ofloxacin, such

that extrapolation of the CSF penetration of ofloxacin to levofloxacin can
be used to calculate the theoretical CSF penetration of levofloxacin. The
as penetration ofloxacin is generally 40-50% of its blood level.
Theoretically, if the CNS levels of levofloxacin were 50% of the blood
levels of the drug, the inhibitory quotient (AUC/MIC) within the CNS for
S. pneumonia (at an MIC of 2 MIC/mL) would be approximately 30, which is

below the breakpoint of 40 which correlates with clinically efficacy for
the quinolones. Thus , the coverage for S. pneumonia within the CNS
could, hypothetically, be margiml, particularly for pneumococcal

bacteremia. Again, this is based on a theoretical calculation using a
breakpoint_ calculated by Hooper for use win predicting the clinical
efficacy of the fluoroquinones. The reader is referred to Section 15.2.2.
for a discussion of the use of the inhibitory quotient in extrapolating
pharmacokinetic/pharmacodpamic data to clinical efficacy.

15.4. The clinical efficacy (i.e. the clinical cure sate) of levofloxacin
was statistically equivalent to amoxicillin/clavulanate in Protocol M92-
040. The clinical cure rate for the levofloxacin ann wan 79% (209/263),
and that for the amoxicillin/clavulanate arm wae 74% (197/266), with the
95% confidence interval around the difference being -13.0 to 2.2. Thus ,

levofloxacin meets statistical criteria for approval for the treatment of
acute bacterial sinusitis. The clinical cure rate in Protocol N93-006 was
71 %, thus, comparable to the levofloxacin ann in Protocol M92-040.

- - ---- ------ -- ------ -- - ----- - --------- ----- --- - ------ - -- ---- -- -- - - --- - - - - -- - -- -

—
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Recommendations:

1. Clinical Efficacy:

Protocol M92-040 demonstrated that clinical cure rate of levofloxacin (79%) in
the treatment of acute bacterial sinusitis meets statistical cr$teria for
equivalence to the comparison arm of amoxicillin/clavulanate (74%). The clinical
cure rate in study N93-006 (71%1 was comparable to the levofloxacin treatment arm
in Protocol M92-040. When the levofloxacin-treated patients in protocol MR92-040
and N93-006 were combined into a single cohort, the clinical cure rate was ?5%.
The 95% confidence interval around the difference in treatment arms for the
combined cohort was ZGC,~,0(-7, 5~4~,,5, Thus, based on the data in the NDA
database, which meet regulatory criteria for approval, the Division is justified
in granting this indication for the use of levofloxacin.

Table I
Combined Analysis of Protocols MR92-040 and N93-006

Poststudy Clinical Cure Rate8 and Confidence Intervals By Protocol:
FDA Clinically Bvaluable Subjects

Levofloxacin Amoxicillin/
Clavulanate

95% Confidence
Protocol N Cure’ N Cure” Intervalb

MR92-040 263 209 (79) 266 197 (74) (-12, 2)
N93-006 277 198 (71) --- --- --- -----

Total 540 407 (75) 266 197 (74) (-7, 5)

“Poststudyclinicaloutcome is definedby the reviewingmedical officeras either ‘cured” or
“failed”: there was no intermediate clinical outcome category of “improved=.

2. Microbiologic Efficacy:
There exists discrepancies in the eradication rates for the pathogens requested
by the sponsor (S. pneumonia, M. catarrhalis, H. influenza, S. aureus) . The
clinical cure rates and microbiologic eradication rates for S. pneumonia and H.

lnfluenzae are adequate, but the clinical cure a rates for M. catatihalis and S.

aureus are suboptimal. There was only one study with microbiologic evaluation
in the pivotal studies submitted for this indication, and that was Protocol N93-
006. Therefore, the microbiologic efficacy results for that protocol would be
considered the summary microbiologic results for this indication. These results
are summarized in Tables 11 and III, on the following page. Following the
summary table, there is a discussion of the recommendations for each pathogen
requested by the sponsor in the proposed labeling for this indication.

-.

—
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Table II
Overall Microbiologic Eradication Rates
by Pathogen Category and Pathogen:

PDA Microbiologicallv Evaluable Subfecta (Protocol N93-006) ●— . .

I Levofloxacin

FNb
Pathogen Category/Pathogen

Pathogen Category
Gram-positive aerobic pathogens 63
Gram-negative aerobic pathogens 70

Gram-positive anaerobic pathogens 2
Gram-negative anaerobic pathogens 1

Total by pathogen 136
Total by subject 131

Pathogen -

Haemophilus influenza 34
Moraxella catarrhalis 13
Staphylococcus aureus 22

Eradicatedc
N (k}

50 (79)
51 (73)

1 (50)
1 (loo)

103 (76)
96 (73)

25 (73)
8 (62)

11 (50)
Streptococcus pneumonia I 29 I 27 (93)

Sor presents microbiologic results separately by collection method (i.e., antral
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puncture and endoscope).- Since result8 are very-similar, FDA presents results for both
collection methods combined.

%=number of subjects who had that pathogen alone or in combination with other pathogens. (Note:
Staphylococcus aureus was considered a pathogen when isolated alone; in polymicrobial
infections, S. aureus was considered a contaminant. Eleven patients

considered clinically evaluable by FDA had
S. aureus as part of a polymicrobial infection. S. aureus data for these patients is ~
included in this table.)

7Wxnbers shown in parentheses are percentages for that category.

Table III
Ovdrall Success Rates* by Admission Pathogen:

PDA Microbiologically AND Clinically Evaluable Subjects

(Protocol N93-006)

[

[

Admission Pathogen(s) N Overall Succeaa*

Haemophilus influenza 34 25 (73)
Moraxella catarrhalis 13 8 (62)
Staphylococcus aureus 22 11 (50)
Streptococcus pneumonia 29 27 (93)

All Microorganisms isolated at Admission 127 89 (70)
Four Pathogens (H. flu., M. cat., S. aureus., S. pneumo.) 102 69 (68)
Three Major Pathogens (H.flU., M. cat., S. pneumo.) 71 53 (75)

●Overall Success is defined as clinically cured ANV microbioloaicallv eradicated —. ~—-——_z --—-—-----
bN=number of subjects who had that pathogen alone or in combination with other pathogens: (Note:

Staphylococcus aureus was considered a pathogen when isolated alone; in polymicrobial
infections, S. aureus was considered a contaminant. Refer to footnote to Table II, above.

~umbers shown in parentheses are percentages for that category.
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2.1 Streptococcus pneumonia:
The point estimate for a 93% eradication rate of Streptococcus ~eumoniae
would, generally, support the inclusion of this organism in the labeling.
However, the issues surrounding the resistance of this organism to the
quinolone antimicrobial need to be considered, since the use. of this
antimicrobial in general medical practice for the treatment of acute
bacterial sinusitis will, in general, be empiric.

Acknowledging the limitation of comparing eradication rates and in vitro
susceptibility rates, the eradication rate of S. pneumonia in Protocol

N93-006 is below the historic susceptibility rate of 95% for ofloxacin

against S. pneumonia that existed at time that this advisory committee
made this recommendation for the class labeling change for the quinolones.
However, this eradication rate is well above the comparable susceptibility
rate of 68% for ciprofloxacin against S. pneumonia during that same

period. The Medical Officer recommends that the microbiologist examine

the in vitro susceptibilities of S. pneumonia in light of the historical
data on other quinolne antimicrobial. If the resistance rates to
levofloxacin are comparable to those for ofloxacin at time of this
advisory committee recommendation, a warning statement regarding
resistance of this organism to the fluoroquinolones should definitely be
included in the label.

2.2.

2.3.

2.4.

Haemophilus influenza:
The eradication rate (73%) of this organism is acceptable to support its

inclusion in the labeling.

Moraxella catarrhalis:
The small numbers of F90raxella present in the evaluable patient pool may

not give a stable point estimate for the eradication rate of this

microorganism; nevertheless, the eradication rate of 62% is suboptimal.

The inclusion of this organism in the labeling is equivocal.

Staphylococcus aureus:
The clinical cure (50%) and eradication rate (50%) for S. aureus are not
adequate to support its inclusion in the labeling. In addition, the lack
of quantitative cultures makes rigorous interpretation of the
cure/eradication rates for this organism impossible.

Given the eradication rates in”the NDA database, the Division is justified in
granting H. influenza and, depending on the in vitro susceptibility rates, S.
pneumonia for the product labeling. The medical officer will defer to the team
leader in granting M. catarrhdis for the labeling, because of the low number of
organisms and the poor eradication. The team leader may wish to recommend a

repeat study with adequate numbers of -M. catarrhalis for inclusion of this
organism in the labeling. The medical officer cannot recommend the inclusion of

S. aureus-in the labeling because of (1) the low eradication rate (2) the absence
of quantitative culture in the protocol. The extensive discussion above
regarding the resistance of both S. aureus and S. pneumonia to quinolone
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antimicrobial emphasizes the Medical Officer’s concerns regarding the long term
efficacy.of levofloxacin for this indication.

3. Subsequent clinical study for the treatment of Staphy~ococcus

aureus in acute bacterial sinusitis:
The Medical Officer recommends that the Sponsor not be granted a.claim for
Staphylococcus aureus based on the above reasons. The Medical Officer also
raises concerns about the use of quinolone antimicrobial for the treatment of
presumed or documented S. aureus in either the maxillary or
frontal/sphenoid/ethmoid sinuses because of (1) the low susceptibility rates of
S. aureus to levofloxacin documented in this database, (2) the rapid development

of resistance (at times during therapy) of S. aureus to the other quinolones, and

(3) the high CNS complication rates of S. aureus sinusitis. If the sponsor would
like S. aureus included in the label for this indication, the Medical Officer
recommends a rigorous subsequent study with, at minimum, (1) quantitative
cultures to distinguish between S. aureus as a contaminant and S. aureus as a

pathogen and (2) rigorous characterization of the microbiology of clinical and
microbiologic failures to assess for the development of resistance in S. aureus
during the course of therapy.

—

4. Phase 4 agreement requiring surveillance for the development of

resistance to levofloxacin:
The extensive discussion above regarding the resistance of both S. aureus and S.
pneumonia to these agents emphasizes the medical officer’s concerns regarding

the long term efficacy of levofloxacin for this indication. The Medical officer
would recommend that a condition of the approval be a Phase 4 surveillance
program to document the development of resistance to this antimicrobial so that
product labeling can be updated accordingly.

4.1. Streptococcus pneumonia:
According to an DAIDP advisory committee recommendation in October 1991,

there exist significant concern about the resistance of S. pneumonaie to -
the quinolone antimicrobial, such that there was a recommendation of a
labeling change warning of the development of resistance in S. pneumonia
and recommending that the “quinolones not be used as first line agent for
the treatment of infection due to presumed or confirmed [pneumonia] S.
pneumonaie”. AS per the discussion of inhibitory quotients of several of
the quinolone antimicrobial for S. pneumonaie, there does not exist a

large safety margin for levofloxacin in regards to the achievable blood
levels (AUC) and the MIC of this organism. In addition, the eradication

rate of “S. pneumonia in Protocol N93-006 is below the historic
susceptibility rate of 954 for ofloxacin against S. pneumonia that
existed at time that this advisory comnittee made this recommendation for
the class labeling change for the quinolones.

—



104

4.2. Staphylococcus aureus:
Although the Medical Officer cannot recommend the use of levofloxacin for the
treatment of acute bacterial sinusitis due to S. aureus, the fac~that the
organism is a minor pathogen in this disorder, and, when present, a very
aggressive pathogen, raises concern over the empiric use of this antimicrobial
for coverage of S. aureus in the sinuses. Accurate data on the deve-l=pment of

resistance in this organism is important to the labeling, as this drug will most

frequently be used empirically in the treatment of community-acquired acute

bacterial sinusitis.

5. A statement regarding the lack of data on the CNS penetration of

levofloxacin should be included in the product labeling.
This is particularly important in light of the fact that, in clinical practice,

this drug will be used empirically for the coverage Streptococcus pneumonia and

Staphylococcus aureus in the treatment of sinusitis. The inhibitory quotient in
the CSF may be suboptimal at baseline and inadequate upon development of even
intermediate resistance.

—

—

-.
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Medical Officer’s Review of NDA 20-634

LevaWin” (levofloxacin) Tablets

Indication: Acute Exacerbation of Chronic Bronchitis

al St-es. ●
.-

1. Pivotal
.

St-es cox@ucted m-iv the Unztt=d
.

Stat= :
1.1. K90-07Q : A multicenter, randomized, open-label study to

compare the safety and efficacy of oral levofloxacin (488mg PO QD

for 5-7 days) with cefaclor (250mg PO TID for 7-10 days) in the

treatment of acute exacerbation of chronic bronchitis in adults

1.2. M92-024 : A multicenter, randomized, open-label study to

compare the safety and efficacy of oral levofloxacin (500mg PO QD

for 5-7 days) with cefuroxime (250mg PO BID for 7-10 days) in the

treatment of acute exacerbation of chronic bronchitis in adults

2. ~ :
2.1. ~5E-q026 ,: Multicenter, double-blind, randomized,
active-controlled study comparing levofloxacin (300mg PO QD for 7
days) with amoxicillin (500mg PO TID for 7 days) in the treatment of
acute exacerbation of chronic bronchitis in adults

--- --- ------------------- ----- --- ---- ------- ---- -- -------_---_--_

Protocol: K90-070

Study Title: A multicenter, randomized study to compare the safety

and efficacy of oral levofloxacin with cefaclor in the

treatment of acute exacerbation of chronic bronchitis in

adults

Study dates: DATE STUDY INITIATED: January 7, 1992

DATE STUDY COMPLETED: JUIY 13, 1994

1. Study Objective:
The objective of-this study was to compare the safety and efficacy of 488 mg

levofloxacin administered orally once daily for 5 to 7 days with that of 250 mg
cefaclor administered orally three times daily for 7 to 10 days in the treatment
of acute bacterial exacerbation of chronic bronchitis due to- susceptible
organisms in adult outpatients.

2. Protocol design:
This was a randomized, open-label, active-control, multicenter study. Subjects

who met the entry criteria were assigned randomly to receive levofloxacin for 5

to 7 days or cefaclor for 7 to 10 days. Efficacy evaluations were based on the
assessments of clinical symptoms, chest examination signs, and overall clinical
response (cured, improved, failed, or unable to evaluate) and on microbiologic
eradication of the suspected pathogen(s) &aolated at admission (baseline) and of
the subject’s infection considering all pathogens isolated. Clinical symptmms and
chest examination signs were to be assessed at admission and five to seven days
after the end of therapy (posttherapy), with an overall clinical response rating

—
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at the posttherapy visit. Cultures, gram seains, and susceptibility testing of
respiratory specimens were to be performed at admission and posttherapy.
Microbiologic response was the primary efficacy parame~er and was based primarily
on the group of subjects evaluable for microbiologic efficacy as no=d below.
Clinical response in the group of subjects evaluable for clinical efficacy (see
below) represented the secondary efficacy parameter for this study. Safety
evaluations consisted of treatment-emergent adverse events reported ‘diiringthe

study period and of clinical laboratory tests (hematology, blood chemistry, and

urinalysis), vital signs, and physical examinations performed at baseline and

posttherapy.

3. Diagnostic criteria:
The primary diagnosis of acute bacterial exacerbationof chronic bronchitis was
defined by clinical and radiographic signs and symptoms of acute bacterial
exacerbation of chronic bronchitis:

3.1. Clinical:Subjectswith a diagnosisof acute bacterialexacerbationof
chronic bronchitis,as evidencedby ●ll of the following:

● history of chronic obstructive pulmonary disease (chronic
bronchitis and/or emphysema)

● re–cent increase in cough

● change in character and/or increase in production of sputum

● physical findings consistent with a diagnosis of acute bacterial
exacerbation of chronic bronchitis.

3.2. Radiographic: The patient should have had a chest radiograph without

an acute inflammatory infiltrate consistent with pneumonia

3.3. Microbiologic: An appropriate sputum specimen must have been available

for entry into the study.

4. Inclusion and exclusion criteria:

4.1. Inclusion criteria:

4.1.1. Inclusion criteria as per Original Protocol dated

October 18, 1991:
Subjects may have been included in the study if they satisfied the
following criteria:

1. Age: 18 or older
2. Sax: male or female
3. al subjects were to be appropriate candidates for oral therapy. Patients

in nursing homes may have been ●nrolled if they were ambulatory and
were able to carry out the activities of daily life.

4. Diagnosis of pneumonia aa evidenced by:
● history ● physical findings ● chest x-ray, end/or ● laboratory tests
Subjects with an exacerbation of chronic bronchitis, as evidenced by a recent
increase in cough and change in character of sputum production, may be
entered.

Medical Officer’s Cment: I!beinclu8ioa of pneuwmia in the original fnchwion criteria is ●

reflection of the fact that this protocol was 0ri@2dl~ written as ● Lower Respiratory Tract

Infection (UI) protocol, under which conmunity-ac~_irad pneumonia and ●cute exacerbation of chronic
bronchitis are both included under the umbrella category of MI.

—

5. If female, the subject must
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● have been post-menopausal for at least one year, or
9 have had a hysterectomy, or
● have had a tubal ligation, or
● have taken oral contraceptives for at least one month pri~ to

study ●ntry, or agree to use mpermicide and barrier methods
during the study, or

●have used another acceptable method of contraception and agreed to
continue with the name method during the study.

If female and of childbearing potential, the subject must have
.-

● had a normal menstrual flow within one month prior to study ●ntry,
and

. a negative pregnancy test (serum ~-subunit HCG) inznediatelyprior
to entry.

If obtaining the serum pregnancy test result would cause a delay in treatment, a
subject may have been entered on the basis of a negative urine pregnancy test
sensitive to at least 50 mIU/mL, pending results of the serum pregnancy test.
Subsequently, if the result of the serum test was positive, the subject must
have been discontinued from the study and followed as indicated.

6. Completion of the confidential follow-up form
7. Reading and signing of the informed consent (and California Bill of Rights, if
applicable) after the nature of the study had been fully explained.

4.1.2. Inclusion criteria

June 10,.1992:
Subjects may have been
following:

1. Age: 18 or older
2. Sex:maleor female

as per Protocol Amendment #1 dated

included in the study if they satisfied the

3. All subjects were to be appropriate candidates for oral therapy. Patients in
nursing homes may have been enrolled if they were ambulatory end were able to carry
out the activities of daily life.
4. subjects with a diagnosis of acute bacterial exacerbation of chronic bronchitis,
as evidenced by all of the following:

● hiotozy of chronic obstructive pulmonaxy disease (chronic bronchitis end/or
emphysema)
● recent incraaee in cough
● change in character end/or incrmeao in production of sputum
● physical findings Consisttit with ● diagnosie of ●cute bacterial -

●xacorbation of chronic bronchitis.

MI appropriate sputum specimen must have been available for entry into the study.
5. Subjects who had received previous antimicrobial therapy may have been enrolled

in the protocol if:
● previous therapy duration was 24 hours or less
● preViOUs therapy duration was greater than 24 hours, but subject did not

improve or etsbilize on that therapy
6. Criteria regarding female subjects:

6.1. If female, the subject must
● have been post-menopausal for at least one year, or
● have had a hysterectomy, or
. have had a tubal ligation, or

● have taken oral contraceptives for at least one month prior to study
entry, or agree to use spermicide end barrier methods during the
study, or
● have used snother acceptable method of contraception and agreed to
continue with the same method during the study.

6.2. If female and of childbearing potential, the euhject must have

● had a no-l mene-1 flow within one month prio~to study entry,
and
. had a negative pregnancy test (serum ~-subunit HCG) immediately

—-
prior to entry.

6.3. If obtaining the serum pregnancy test result would cause a delay in
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treatment,a subjectway haVS been enteredon the basis of a negativeurine
pregnancytest sensitiveto at least 50 mIU/mL,pending results of the serum
pregnancy test. Subsequently, if the result of the serum test was positive,
the subject must have been discontinued from the study and~ollowed aa
indicated.

7. Completion of the confidential follow-up form
8. Reading and signing of the informed consent (and California Bill of Rights, if

applicable) after the nature of the study had been fully expla@gd.

4.1.3. Inclusion criteria as per Protocol Amendment #2 dated

April 21, 1993:
Inclusion criteria unchanged from Protocol Amendment #1 dated June 18,

1992.

4.1.4. Inclusion criteria as per Protocol Amendment #3 dated

March 9, 1994:
Inclusion criteria unchanged from Protocol Amendment #1 dated June 18,
1992, with the exception of the following addition:

5. Subjects who had receivad prmvioua antimicrobial therapy may have been ●nrolled if:
● Previous tharapy duration waa 24 hours or leee
● pr$vious therapy duration was greater than 24 houra, but eubject did not improve
or etabillze on that therapy

4.1.5. Inclusion criteria as per Protocol Amendment #4 dated

July 14, 1994:
Inclusion criteria unchanged from Protocol Amendment #3 dated March 9,

1993.

4.2. Exclusion criteria:

4.2.1. Exclusion criteria as per Original Protocol dated

October 18, 1991:
Subjects with any of the following criteria were not to be eligible for
admission into the study:

1. severity of illness requiring parenteral antimicrobial therapy
2. Subjects with an infection due to organisms lmown to be resistant to the etudy drug prior

to study entry
3. previous allergic or serious adverse reaction to l-ofloxacin, cefaclovr,or any other

members of the quinolone or cephalosporin classes of antimicrobial, or a severe
reaction to penicillin. Subjects with previous allergies or aerioua adverse reactions
to erythromycin or macrolide classes of antimicrobial should not be placed on theee
alternative regimens

4. Serum creatinine greater than 2.0 mg/dL
5. Diagnosis of acute bronchitis or cystic fibrosis
6. Requirement of a second systemic antimicrobial agent
7. Effective systemic antimicrobial therapy within 48 hours prior to admiesion
8. Use of an investigational agent within 30 days prior to admission
9. pregnancy or a nursing mother
10. Previous treatment under this protocol
11. linydisorderor disease that might interfere with the evaluation of the etudy drugs
12. Presence of any seizure disorder or rendition requiring the administration of major

tranquilizers.
-.

4.2.2. Exclusion criteria as per Protocol Amendment #1 dated
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June 10, 1992:

The exclusion criteria were
Deletions are in parentheses

changed from
and additions
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Protocol Amendment #l as follows.
are in bold.

I. severity of illness recruitingparenteral antimicrobial therapY
2. subjects with an infection due to organisms known to be resistant to the study-drug prior

to study entry
3. Previou8 ●llergic or ●oriow ●dveree reaction to levofbxacin, cefaclor, or any other

memberm of the quinolonm or cophalosporin clameem of antiaicrobialm, or a ●ovora
reaction to penicillin

[Deletion: Subjects with previous allergies or serious adverse reactions to ●rytbranycin or
macrolide classes of antimicrobial should not be Placed on these alte=cative regi.mmsl
4. Calculated creatinine clearance loan than or equal to 50 mLlm.in
5. Diagnosis of acute bronchitis, pnm=onia (as evidenced by ●cute infiltrates on the

●dmission cheet x-ray obtained within 12 houra prior to study ●ntry), or cystic
fibrosis

6. Requirement of a second eystemic antimicrobial agent
7. Effective eystemic antimicrobial therapy within 48 houre prior to admiseion
8. Use of an investigational agent within 30 days prior to admission
9. Pregnancy or a nureing mother
10. Previous treatment under this protocol
11. MY disorder or disease that may interfere with the evaluation of the study drugs
12. presence of any seizure disorder or condition requiring the administration of major

tranquilizers.

4.2.3. Exclusion criteria as per Protocol Amendment #2 dated

April 21, 1993:
The exclusion criteria were unchanged from Protocol Amendment #1, with exception
of the following addition. Deletions are in parentheses and additions are in
bold .

12. [presence] History of [enYJ seizure disorderor conditionremirin9 the
administrationof major tranquilizers.

4.2.4. Exclusion criteria as per Protocol Amendment #3 dated

March 9, 1994:
The exclusion criteria were unchanged from Protocol Amendment #2, with exception
of the following; deletions are in parentheses and additions are in bold.

4. Calculated creatinine clearance lees than or ●qual to 50 mLlmin
[Deletion: Serum creatinine greater than 2.o JIIPIDII

5. Diaonosis of acute bronchitis, pneumonia (as evidenced by acute infiltrates on tbe
‘admieeion cheet x-ray obtain-cd within 12 hourm

fibrosis
6. Requirement of a eecond systemic antimicrobial agent

[Deletion: 7. Effective systemic antimicrobial
admission]

7. Use of an inveatigational agent within 30 days prior
8. Pregnancy or a nursing mother
9. Previous treatment under this protocol
10. 3uiydisorder or disease that may interfere with the

prior ‘to ●tudy entry), or cystic

therapy within 48 hours prior

to admieeion

evaluation of the study drugs

to

[Deletion: 12. Presence Ilfatozyof any seizure disorder or condition requiring the

administration of major tranquilizers.]
11. Prenence of ●eizure disorder —
12. unetable psychiatric conditions.

—

4.2.5. Exclusion criteria as per Protocol Amendment #4 dated
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July 14, 1994:
The exclusion criteria were unchanged from Protocol Amendment #3 -
dated March 9, 1994.

5. Medications:

5.1. Dosage and Administration of Study Medications: ‘“

5.1.1. Dosage and Administration of Study Medications as per
Original Protocol dated October 18, 1991:

Each subject were to be assigned a study number in strict sequential
order. xillsubjects randomized to l-ofloxacin were to receive 488 mg (five
97.6 mg tablets) q24h. Subjects randomized to the control group were to
receive cefaclor 500 mg (two 250 mg capsules) q8h. Total duration of
therapy was to be 7-10 days for exacerbation of chronic bronchitis (and,
according to the original protocol, 10-14 days for pneumonia) . For
cefaclor subjects only, erythromycin base (ErY-Tab . , Abbott Laboratories,
North Chicago, IL) 500 mg PO qid may have been added if M. pneumonia or L.

pneumophila was suspected. If these pathogens are confirmed by culture or
by DFA (Legionella), these patients maY have been continued on
erythromycin alone.

5.1.2. Dosage and Administration of Study Medications as per
Protocol Amendments:

5.1.2.1. Amendment #1 dated June 1, 1992 (additions in bold

face type, deletions in brackets):
Each subject was to be assigned a study number in strict sequential order.
MU subjects randomizedto [Deletion:1-] levofloxacin were to receive 488
mg (five 97.6 mg tablets) q24h for 5-7 days. Subjects randomized to the
control group were to receive cefaclor 250 [500 mg (two 250 mg capsules)]
q8h for 7-10 days.

[Present in original protocol, but deleted fram this amendment: TOtd duration Of tberUpy
[for either study drug] wI1l be 7-10 days for exacerbation of chronic bronchitis and 10-14
days for pneumonia. For cefaclor subjects only, erytb.raycin base (Sry-Tab Q , Abbott

Laboratories, North Chicago, IL) 500 mg PO qid may have been added if M. pneumonia or L.
pneumephila is suspected. If these pathogens are confirmed by culture orbyDFA (Legionella),
these patients may have been continued on erytb.mmrycinalone.]

5.1.2.2. Amendment #2 dated April 21, 1993 (additions in bold

face type, deletions in brackets):
Dosage and administration of study medication was unchanged form Protocol
Amendment #1 dated June 1, 1992.

5.1.2.3. Amendment #3 dated March 9, 1994 (additions in bold
face type, deletions in brackets):
Each subject was to be assigned a study number in strict sequential order.

=1 subjects randomized to lWOfhJXSCiII was to receive 488- (five 97.6
mg tablets) q24h for 5-7 days. Subjects randomized to the control group
were to receive cefaclor 250 [5001 mg [(two 250 mg capsules)] q8h fo~ 7-10
days. If, in the opinion of the investigator, a subject required a longer

duration of therapy, the RWJPRI medical monitor 6hould have been
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contacted.

5.1.2.4.

Dosage and
1994.

Amendment #4 dated July 14, 1994:
Administration were unchanged from Amendment #3 dated March 9,

.-

5.2. Administration of concomitant medications and other

antimicrobial agents during the treatment and follow-up phases:
The use of other medications during the study was to be kept to a minimum.
Administration of nonstudy systemic antimicrobial was to be prohibited and
aluminum-magnesium based antacids (e.g., Maalox’) and mineral supplements or
vitamins with iron or minerals were to be strongly discouraged because they might
decrease bioavailability of study drug. However, if administration of an antacid
was necessary, it was to be administered at least two hours before or after

levofloxacin or cefaclor administration. If the administration of any other

medication (e.g., aspirin) was required, it was to be reported on the subject’s

CRF .

6. Efficacy Criteria per Sponsor:
Efficacy evaluationsincludedevaluationof clinicalsigns and.symptoms,clinical
responseratings (assessedas cured, improved,failed,or unable to evaluate)and
microbiologic response by pathogen and infection (assessed as eradicated,
persisted, or unknown). Microbiologicresponsewas the primary efficacy variable
in this study. Clinical response in the group of subjects evaluable for clinical

efficacy represented the secondary efficacy variable for this study.

7. Schedule and procedures for Efficacy and Safety Evaluations

7.1. Clinical Efficacy Evaluation:

7.1.1. Clinical Signs and Symptoms
Clinical symptoms of acute bacterial exacerbation of chronic bronchitis,
including chills, chest pain, shortness of breath, increased cough, sputum -
increase, and purulent sputum, were indicated by the investigator as

present or .@bsentat admission and at the posttherapy visit five to seven
days after the end of therapy. Clinical signs of bronchitis obtained from
a chest examination (diminished breath sounds, rales, rhonchi, and
wheezes) were to be graded by the investigator as none, mild,.moderate, or
severe at admission and at the posttherapy visit five to seven days after
the end of therapy.

7.1.2. Clinical Response Rating

At the posttherapy visit five to seven days after the end of therapy, the
investigator was to assess clinical response as cured, improved, failed,

or unable to evaluate. These assessments were defined as follows:

Cure:Resolution of signs and symptoms associated with active infection.
Improved: Incomplete resolution of signs fi symptoms and no additional -

antimicrobial therapy required.
Failure: No response to therapy.
Unable to evaluate: Not able to evaluate because subject lost to follow-up.
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7.2. Microbiologic Efficacy Evaluation:

7.2.1. Specimen Collection

7.2.1.1. Respiratory Secretions
Specimens were to be obtained from respiratory secretions including deep

expectorated or suctioned sputum, transtracheal aspirates, bronchial
brushings, or washings. Respiratory specimens were to be collected within
48 hours prior to admission for culture, gram stain, and susceptibility

tests. If the subject could produce sputum, specimens were to be obtained

at the posttherapy visit (five to seven days after the end of therapy) for

culture, susceptibility testing, and gram stain.

7.2.1.2. Blood Culture
Blood cultures were to be obtained at admission if bacteremia was
suspected. Cultures were to be repeated at later time points if bacteremia

was found at admission.

7.2.1.3. Serology

Prior to the first amendment, serology studies for Mycoplasma pneumonia,

Legionella pneumophila, and Chlamydia pneumonia were to be performed at

admission for all subjects. A fourfold rise or fall in titer of antibodies
from admission to posttherapy or a single diagnostic titer was to be
considered evidence of an infection.

7.2.2. Susceptibility Testing
Susceptibility to levofloxacin and cefaclor was to be determined for all
aerobic pathogens at admission, and, if indicated, at five to seven days
posttherapy. The MIC susceptibility was the primary susceptibility
criterion. If the MIC values were not available, disks were to be used to
determine susceptibility. Disk susceptibility testing was to be performed
in accordance with the National Committee for Clinical Laboratory
Standards (NCCLS) methods using 5 pg levofloxacin disks provided by RWJPRI
for levofloxacin susceptibility and cefaclor disks provided by the study
center for cefaclor susceptibility.

7.3. Efficacy-Criteria

7.3.1. Microbiologic Response
The primary efficacy parameter of microbiologic response to treatment was
evaluated by RWJPRI in terms of pathogen and infection eradication rates.
The microbiologic response for pathogens isolated at admission was

determined by evaluating the posttherapy/withdrawal culture results. A

culture was considered valid if “it was obtained at least one day

posttherapy and collected while the subject was not receiving any

effective concomitant antimicrobial treatment. Results were to be

categorized as follows:

Eradicated: Eradication of the admission pathogen a.sevidenced by failure to isolate
the pathogen in a valid postth~rapy/withdrawal culture. If _clinical
improvement occurred such that no sputum waa produced end invasive procedures
for culture were contraindicated, then the pathogen waa presumed eradicated.

Pers%mted: Persistence of the admission pathogen as ●videnced by isolation of the

pathogen in the posttherapyiwithdrawal culture. If a subject was to be
discontinued due to clinical failure or a resistant pathogen and was
considered a clinical failure or was considered a clinical failure and study
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therapy was not extended or eradication of the adminsion pathogen was not
confirmed by a valid posttherapy/withdrawal culture, then the pathogen was to
be presumed to persist.

Porsimtod with Acquisition of Ruistanca: Persistence of the admission pat~s
evidenced by isolation of the pathogan in the posttherapy/ withdrawal culture
with documented acquisition of resistance.

Umkeown: No posttherapy/withdrawal culture results available due to lost-to-follow-
up, lost culture, or culture not done when specimen was available; The
response was unknown if the culture waa performed on the last day of therapy
or if the culture was done while the subject was receiving an ●ffective
antimicrobial agent for reaaons other than clinical failure, unless
persistence was verified or presumed.

7.3.2. Clinical Response
The secondary efficacy variable was clinical response, to be assessed by
the investigator as cured, improved, failed, or unable to evaluate at the
final visit five to seven days after the end of therapy. The clinical
cure rate was to be evaluated by determining the percentage of clinically

7.4.

evaluable subjects who

on the percentage of
improved.

Safety Evaluation

were cured

clinically

and the clinical success rate was based

evaluable subjects who were cured or

7.4.1. Treatment-Emergent Adverse Events
Adverse events were defined as treatment-emergent signs and symptoms,

i.e., events that were not present at admission or events that represented

an increase in severity or frequency of a sign or symptom already present

at admission. Each subject was to be assessed at each visit after

admission for possible adverse events that might have occurred throughout
the study period. The investigator was to record all adverse events on the
CRFS and grade their severity as mild, moderate, or marked. The
investigator also was to assess the relationship of the adverse event to
trial treatment using the following ratings: none, remote, possible,
probable, or definite. Other information recorded on the subject’s CRF -
included: the date of onset of the event, control measures taken (i.e.,
discontinuation of study drug, or administration of remedial therapy), the
outcome (re”solved,persisted, or unknown) , and the date of resolution of
the event. Serious adverse events were defined as those events that
presented a significant threat to the well-being of the subject. Serious
adverse events included any event that was fatal, life~threatening,
permanently or significantly disabling, required hospitalization or
prolonged hospitalization, resulted in long-term outpatient treatment
(greater than six months), or was a congenital anomaly, cancer, or
overdose. Investigators were instructed to report all serious adverse
events immediately to RWJPRI. For subjects randomized to levofloxacin, a
5cc venous blood sample for determination of levofloxacin plasma
concentration was to be obtained at the time of a serious adverse event.
However, due to practical limitations, these blood samples were not
consistently obtained as planned. —
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7.4.2. Clinical Laboratory Tests
The following standard clinical laboratory evaluations we= to be

performed before dosing
central laboratory

FIamatology: hemoglobin,
differential,red

Blood Cbamistry:glucose,
protein, albumin,

(admission) and at the posttherapy visit. A
was used.

.-

hematocrit, white blood cell (WEC) count and
blood cell (RBC) count, and platelet count.
blood urea nitrogen (BUN), total bilirubin, total
uric acid, alkaline phosphetase, serum glutamic

oxaloacetic tranaaminase ($GOT), serum glutamic pyruvic tramsaminaee
($GPT), lactic dehydrogemse (x.DH),creatinine, calcium, inorganic
phosphorus, sodium, potassium, chloride, end bicarbonate.

Urinalysis: pH, specific gravity, and microscopic examination for red blood
cells, white blood cells, and nonamorphoua crystals.

8. Discontinuation from study:
Subjects could be discontinued from the study due to adverse events, significant
protocol violation, intercurrent illness, treatment failure, or at the re~est
of the subject. At the time of premature withdrawal from the study, posttherapy
evaluations, including evaluation of signs and symptoms, physical examination and
vital signs, culture, susceptibility testing, and gram stain of respiratory
secretions, if indicated, and clinical laboratory tests were to be performed. The
investigator recorded the reason for premature discontinuation on the subject~s
C!RF.

9. Evaluability Criteria:

9.1. Evaluability criteria as per Sponsor:

9.1.1. Original evaluability criteria as outlined in

Protocol dated October 18, 1991:
To be evaluable for clinical efficacy, subjects were not to be

in any of the following categories:

1. Safety &a2ysis
To be evaluable for the safety analysis, a subject must have taken the
medication and must have relayed safety information.

2. Xfficacy Analysin

Original

classified

study

A subject were to be evaluable for efficacy unless categorized into one of the
following groups:
1.

2.

3.

4.

UnevalusMe for safety
Infection not bacteriologically proven. No pathogen identified in the admission

respiratory or blood cultures, and there was no evidence of Mycoplasma
pneumonfae, Legionella pneumophila, or Chlamydia pneumonia based on serology

results
Insufficient course of therapy. Subject did not take the study drug for at’least

five days. Subjects who took study drug for less than five days because they
were judged a clinical failure by the investigator were evaluable. The
pathogen(s) was (were) presumed to persist in these situations.

Effective concomitant therapy. Subject ~ak an effective systemic antimicrobial
agent between time of admission culture and within 48 hours prior to start of
therapy, or following therapy prior to test-of-cure culture (post-therapy)-.
If the subject took an effective systemic antimicrobial because they had been
judged a clinical failure by the investigator, they were evaluable. The

pathogen(s) was (were) presumed to persist.
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S. Inappropriate bacteriologic cultures as defined by:

..
5.1) Admission culture was greater than 48 hours prior to or greater

than 48 hours followingthestartof therapy
5.2)Post-therapy culture was not between 1-8 days post-therapy. If

the subject was discontinued due to a persistent pathogen or
clinical failure and the post-therapy culture was obtained on - -
the last dayof therapy,thesubjectwasconsidered evsluable.

5.3) Adequate microbiological data were not available. If the subject
was a clinical failure and persistence of the pathogen(s)
isolated on admission was (were) not confirmed by culture
results, the pathogen(s) was (were) presumed to persist.

6. Lost to follow-up but relaya safety information
7. Other protocol violation, e.g.,

7.1) Subject fails specific entrance criteria
7.2) Subject re-enters study
7.3) Subject does not take at least 70t of assigned study drug
7.4) Subject takes study drug for more than 20 days (unless due to a

persistent pathogen)

8. Subjects with no initial pathogen but a fourfold or
diagnostic titer of antibodies for Mycoplasma pneumonia,
Ch.hmydia pneumonia are evaluable for efficacy unless any
were met: –

8.1) Subject was not evaluable for safety
8.2) Insufficient course of therapy
8.3) Effective concomitant therapy

greater rise or a single
Legionella pneumophila or
of the following criteria

8.4) Lost to follow-up but relayed safety information
8.5) Other protocol violation

9. All subjects evaluable for ●fficacy were evaluable for clinicalresponse. The
microbiological response of the pathogen was based on the clinical response of the
subject. For this indication, an evaluable subject may have a microbiological
response of “unknown.”

Medical officer’s Cosment: The originalefficacycriteriampecify taking the post-therapy

follw-up culture ●t anywhere for 1-8 days post-therapy. Given that the half-life of -

levofloxacin is 6.1-7.5 hourm, the CultUrea done on days 1-3 may result in falae

eradications because of auppreesionof regrowth by residual levels of antibiotic and/or
the post-antibiotic.effect. Five half-livemof this drug (the time required for plaama
levels to fall to c5% of peak) sum to slightly over 1.5 daym, BO that a conservative
●stimate of two days for eliminationof drug and a muhaequenttwenty four hours to allow
for anypoat-antibiotic●ffectwould lmad to ● conservativewindow of >3 days post-therapy
for teat-of-curecultures to fully reflect tnxe ●radications and not mereiy suppression
of regrowth.

9.1.2. Evaluability criteria as outlined in Protocol Amendment #1

dated June 10, 1992:

Evaluability criteria in this amendment were unmodified from the original
protocol with the exception of the omission of the following statements
listed here in brackets:

1. Under ‘Efficacy Analyais, Part b. Infeetion not bacteriologically prwen=: No
pathogen identified in the admission respiratory or blood cultures [and thexte
is no evidence of Mycoplasma pneumonia, Legionella pneumophila, or Chlamydia
pneumonia based on serology reaultsl

2. Under “Efficacy Analysis, Part e. Inappropriate bacteriologic cultures”:
1) Admission culture is greater then 48 houra prior to or greater [than 48
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hours following] the start of therapy
2) Post-therapyculture ia not between [Deletion: 1-8 (original protocol)]
2-1o days post-therapy

3. Under “Efficacy Analysis, Part g. Other protocol violation, e.g.,
[Deletion: Subjects with no initial pathogen but a four-foldor greater rise or a

single diagnostictiterof antibodiesfor Hycoplaamapneumonia, Legionella
pneumophila or C!hlsmydiapneumom‘aeare evaluable for efficacy unless any of
the followingcriteria were met]:

.-

[Deletion:subject is not evaluablefor safety]
[Deletion:Insufficientcourse of therapy-Lost to follow-up but relayed safety

information1
[Deletion: Other protocol violation]
4. [Deletion:All subjects waluable for efficacy are ●va.luable for clinical

response. The microbiological response of the pathogen is based on the
clinical response of the subject. For this indication,an evaluable subject

may have a microbiological responseof “unkmxm.”]
5. [Deletion: Effective concanitsnt therapy]

9.1.3. Evaluability criteria as outlined in Protocol Amendment #2,

dated April 21, 1993:

Evaluability criteria in this amendment were modified from the Amendment
#1 with the addition of the single statement highlighted in bold.

2. Efficacy Analyais
A subject will be evaluable for microbiological efficacy unless categorized
into one of the following groups:

9.1.4. Evaluability criteria as outlined in Protocol Amendment #3,

dated March 9, 1994:

Evaluability criteria in this amendment were modified from the Amendment

#l with the addition of the statements in bold and the omission of the
statements in brackets:

1. Safety Analyaia
To be evaluable for the safety analyais, a subject must have taken the study
medication and must have relayed safety information.

2. Efficacy Analyaia
A subject was to be evaluable for ticrobiolosical ●fficacy unless categorized into
one of the following groups:
1. Unevaluable for safety
2. Infection not bacteriologically proven. No pathogen waa identified in the
admission respiratory or blood cultures. [and there was no evidence of lYxcoplasma
pneumonlae, Legionella pneumophila, or C!hlamydia pneumonlae based on ‘serology
results]

(c. Resistant to study drug. In a monomicrobial infection, the admission
pathogen was resistant to the assigned study Wg. If the infection was
causedby more thanone pathogenand at least one pathogen was susceptibleto
the assigned study drug, the case w~s to be considered evaluable.]

3. Insufficient course of therapy. subject did not take the study drug for at least
five days. Subjects who had taken study drug for greater than 48 hourLIbut
for leas than five days because they were judged a clinical failure by the
investigator were to be evaluable. The pathogen(s) was (were) presumed to
persist in these situations.

4. Effective concomitant therapy. Subject were not to have taken an effective
systemic antimicrobial agent betwe~ime of adm.iasionculture [andtithin 48
hours prior to start of therapy, or following therapy prior] to teat-of-cure
culture (post-therapy). If the subject took an effeCtive systemic
antimicrobial becauae they were judged a clinical failure by the
investigator, they were evaluable. The pathogen(s) was (were) presumed to
persist.
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5.-Inappropriate bacteriologic cultures aa defined by:

5.1) Zubuiaaionculture was-greater than 48 hours prior to [or greater —
than 48 hours following] the atert of therapy

5.2) Peat-therapy culture/evaluation was not between Deletion: 2-8
(original protocol)], 2-~0 (~dnnt #l)] 1-10 days post-
therapy. If the subject was discontinued due to a persistent - -
pathogen or clinical failure and the peat-therapy culture was
obtained on the last day of therapy, the subject was
considered evaluable

5.3) Adequste microbiological data waa not available. If the subject
was a clinical failure and persistence of the pathogen(s)
isolated on admiaaion waa (are) not confirmed by culture
results, the pathogen(a) was (were) presumed to persist.

6. Lost to follow-up but relaya safety information
7. Other protocol violation, e.g.,

[Deletion: 7.1) Subject fai18 specific entrance criteria]
7.1) Subject re-enters study
7.2) Subject did not take at least 70% of assigned study drug
[Deletion: 7.4) Subject takes study drug for more than 20 days (unless
due to a persistent pathogen)]

—

[ Deletion: S.Subjects with no initial pathogen but a fourfold or greater rise or a
single diagnostic titer of antibodies for Mycoplasma pneumonia, Legionella
pneumophila or Chlamydia pneumonlae are evaluable for efficacy unless any of the
following criteria were mat:]

[8.1. Subject is not evalusble for safety
[8.2. Insufficient course of therapy]
[8.3. Effective concomitant therapyJ
[8.4. tist to follow-up but relayed safety information]
[8.5. Other protocol violation]

[Ml subjects evaluable fOr effiCaCy are eValUSble for c2inical response. The
microbiological response of thepathogenis based on the clinical response of
the subject. For this indication, an evalusble subject
microbiological response of ‘unknown.-]

9.1.4. Evalufi.ility criteria as outlined in Protocol

dated July 14, 1994:

may ‘have a

A3nend3nent #4,

Evaluability criteria in this amendment were unmodified from the Amendment

#3 with the addition of the statements in bold and the omission of the
statements in brackets:

3. Insufficient course of therapy
Subject does not take [deletion: the study drug] lavofloxacin for ●t least
four daya or cafaclor for at leaat five daya. Subjects who take study drug
for greater than 48 hours but for leaa than five &ya because they are judged

a clinical failure by the investigator are evaluable. The pathogen(a) ia(are)
presumed to peraiat in these aituationa.

—-
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10.2. Evaluability criteria as per Medical Officer:

10.2.1;” Clinical Evaluablility Criteria as per Medical Officer: “

1. The subject met the inclusion criteria
2. The subject did NOT meet any of the exclusion criteria at the time of

enrollment
3. A posttherapy/end-of therapy/EOT CliniCal evaluation was p?5rformed.

The exception was for patients who were declared clinical failures
prior to the posttherapy visit, but did not have a posttherapy
follow-up visit, here the failure declared on-therapy was carried
forward.

4. A symptomatic response could be evaluated at the posttherapy time
point.

5. With regard to establishing time point for follow-up after treatment of
acute bacterial exacerbation of chronic bronchitis, both (I) the
natural history of the disease and (2) the half-life of the
antimicrobial agent under investigation need to be taken into
account. The windows for follow-up after an episode of acute
bacterial exacerbation of chronic bronchitis will be the same for
patients treated with any antimicrobial agent with a relatively
short half-life. It is only in the case of a prolonged half-life
that the window for follow-up needs to be extended because blood
levels and tissue levels persist far beyond the last dose of the
antimicrobial drug. For levofloxacin, whose serum half-life is 6.34-
6.310 hours in the clinical tablet, the window of follow-up can be
the same as for other antibiotics with relatively short half-lives.

5.1. The IDSA Guidelines recommend standard follow-up after an
episode of acute bacterial exacerbation of chronic bronchitis as
follows:

“Assessment after completion of therapy and follow-up:
Patients should undergo clinical and
microbiologic assessment within 48 hours, 7-14
days, and 21-28 days after completion of therapy.
Clinical assessment should include assessment of
cough , dyspnea, sputum volume and sputum
purulence.”1

5.2. Recent regulatory precedent for the appropriate time point for
test of cure has been established in other reviews of antimicrobial
agents with short half-lives for the indication of acute bacterial
exacerbation of chronic bronchitis, and these confirm the need for
late post-therapy follow-up to determine a stable point-estimate for
clinical cure at the test-of-cure evaluation.

—

I
Guidelines for the Evaluation of Anti-infective Drug Products. ~ert D~ ls(suppl

1):s78, 1992.

2
Dr. Rosemary Roberts, Merepenam NDA Review. NDA Number 50706, Division HFD-520.
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The origiml protocol specified that the clinical evaluation at the
poittherapy/EOT (5-7 days posttherapy) visit was to be the primaty
clinical endpoint, but with an End-of-Study evaluation at 3-6 weeks post-
therapy to provide a late follow-up assessment and stable estimate for the
test-of-cure. Protocol Amendment #1 also specified that the clinical

evaluation at the posttherapy/EOT (5-7 days Posttheraw) visit-was to be
the primary clinical endpoint, but the late follow-up at 3-6 weeks was
deleted from the protocol under this amendment. Therefore, acknowledging
that the 5-7 day posttherapy visit is suboptimal for establishing a stable
point estimate of the test-of-cure, the medical officer had no choice but
to use the only existing time point for the follow-up clinical evaluation
as the time point for the primary clinical endpoint for the purposes of
this analysis.

6. In regards to the use of concomitant antibiotic therapy from the time—
of enrollment through the end-of study visit, the following criteria
were applied:

6.1. A patient was fully clinically evaluable only if the
- patient did NOT receive concomitant antibiotic therapy:

- Within 48 hours prior to enrollment in the protocol

- During the treatment period
- From the end of the treatment period to the poststudy evaluation
At the evaluation for clinical relapse

6.2. If the patient received an antimicrobial agent prior to
enrollment in the study, but there was a pathogenic
organism isolated on admission culture, the patient was
considered clinically evaluable

6.3. If the patient received an alternative antibiotic AND
there was clear documentation of an alternative
diagnosis for which the other antibiotic was prescribed,
the patient was categorized as clinically unevaluable.

6.4 ..If the patient received an alternative antibiotic AND
there was no documentation of an alternative diagnosis
for which the alternative antibiotic may have been
prescribed, the patient was deemed clinically evaluable

(only) as a treatment failure.

7. Subjects must have completed an adequate course of therapy of either
study drug, with “adequate course” defined as follows:

7.1. For patients in the levofloxacin am who were designated
as a clinical cure at EOT, a minimum of 5 days or 100%
of the minimum dose specified by the amended protocol

7.2. For patients in the cefaclor arm who were designated as
a clinical cure at EOc a minimum of 6 days or80% of
the minimum dose specified by the protocol

7.3. ‘For patients in either the levofloxacin arm or the
cefaclor designated a clinical failure at EOT, a minimum
of 72 hours of study drug was to have been taken
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evaluation and culture
- At the evaluation for clinical relapse

4.2. if the patient received protherapy ant imicrobial
treatment with another antibiotic, the patient was
microbiologically evaluable if there was a pathqen
isolated on admission culture. If no pathogen-was
isolated on admission culture, the patient was both
clinically and microbiologically unevaluable.

4.3. if the patient received an alternative antibiotic AND
there was clear documentation of an alternative
diagnosis for which the other antibiotic was prescribed,
the patient was categorized as microbiologically
unevaluable.

4.4. if the patient received an alternative antibiotic AND
there was no documentation of an alternative diagnosis
for which the alternative antibiotic may have been
prescribed, the patient was deemed microbiologically
evaluable (only) as a persistent pathogen.

—
5. Subjects must have completed an adequate course of therapy of either

study drug, with “adequate course” defined as follows:

5.1. for patients in the levofloxacin arm who were designated

as a clinical cure at EOT, a minimum of 5 days or 100%
of the minimum dose specified by the amended protocol

5.2. for patients in the cefaclor arm who were designated as
a clinical cure at EOT, a minimum of 6 days or 80% of
the minimum dose specified by the protocol

5.3. for patients in either the levofloxacin arm or the
cefaclor designated a clinical failure at EOT, a minimum
of 72 hours of study drug was to have been taken

5.4. for the levofloxacin arm, no more than 1 missed dose
within the dosing interval requiring extension of the

“ dosing intenal to complete the full 5-7 doses of
therapy, as specified by the amended protocol.

5.5. for patients in the cefaclor arm, no more than two missed
doses requiring extension of the dosing intekval to
complete the full 7-10 days of therapy specified by the
protocol

6. Symptomatic response “unable to evaluate” at either the EOT or the EOS
evaluation remained disqualified from the efficacy analysis. The
exception to this was a patient who was declared
therapy or at the EOT visit: this failure

“evaluable” regardless of the EOS evaluation.

—

—

a clinical failure during
was carried forward as

.
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The original protocol specified that the clinical evaluation at the
po8ttherapy/EOT (5-7 days posttherapy) visit was to be the primaiy
clinical endpoint, but with an End-of-Study evaluation at 3-6 w=ks post-
therapy to provide a late follow-up assessment and stable estimate for the
test-of-cure. Protocol Amendment #1 also specified that the clinical

evaluation at the posttherapy/EOT (5-7 days posttherapy) visit-was to be
the primary clinical endpoint, but the late follow-up at 3-6 weeks was
deleted from the protocol under this amendment. Therefore, acknowledging
that the 5-7 day posttherapy visit is euboptimal for establishing a stable
point estimate of the teat-of-cure, the medical officer had no choice but
to use the only existing time point for the follow-up clinical evaluation
as the time point for the primary clinical endpoint for the purposes of
this analysis.

6. In regards to the use of concomitant antibiotic therapy from the time
of enrollment through the end-of study visit, the following criteria
were applied:

6.1. A patient was fully clinically evaluable only if the
- patient did NOT receive concomitant antibiotic therapy:

- Within 48 hours prior to enrollment in the protocol
- During the treatment period
- From the end of the treatment period to the poststudy evaluation
- At the evaluation for clinical relapse

6.2. If the patient received an antimicrobial agent prior to
enrollment in the study, but there was a pathogenic
organism isolated on admission culture, the patient was
considered clinically evaluable

6.3. If the patient received an alternative antibiotic AND
there was clear documentation of an alternative
diagnosis for which the other antibiotic was prescribed,
the patient was categorized as clinically unevaluable.

6.4 ..If the patient received an alternative antibiotic AND
there was no documentation of an alternative diagnosis
for which the alternative antibiotic may have been
prescribed, the patient was deemed clinically evaluable

(only) as a treatment failure.

7. Subjects must have completed an adequate course of therapy of either
study drug, with “adequate course” defined as follows:

7.1. For patients in the levofloxacin arm who were designated
as a clinical cure at EOT, a minimum of 5 days or 100%
of the minimum dose specified by the amended protocol

7.2. For patients in the cefaclor arm who were designated as
a clinical cure at EO~ a minimum of 6 days or80% of
the minimum dose specified by the protocol

7.3. ‘For patients in either the levofloxacin arm or the
cefaclor designated a clinical failure at EOT, a minimum
of 72 hours of study drug was to have been taken
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7.4. For the levofloxacin arm, no more than 1 missed dose..
within the dosing inte~al requiring extension of the -
dosing interval to complete the full 5-7 dose&of
therapy, as specified by the amended protocol.

7.5. For patients in the cefaclor arm, no more than two missed
doses requiring extension of the dosing interval to
complete the full 7-10 days of therapy specified by the
protocol

8. Symptomatic response “unable to evaluate” at either the EOT or the EOS

evaluation remained disqualified from the efficacy analysis. The
exception to this was a patient who was declared a clinical failure during
therapy or at the EOT visit: this failure was carried forward as

“evaluable” regardless of the EOS evaluation.

10.2.2. Microbiologic evaluability criteria as per Medical Officer:
1. A subject met criteria for clinical evaluability at all time points

during the study
2. PretheFapy sputum culture was positive for a microorganism known to be

pathogenic in acute exacerbation of chronic bronchitis
3. -Y residual secretions present at the EOT visit were sent for

culture. The medical officer would not accept the category of
‘presumed eradication” in cases in which there were persistent
secretions that were not cultured. The medical officer felt that it
was incumbent upon the sponsor and investigators to document
eradication when and where possible.

3.1. Only in cases where there were no residual secretions
would the designation “clinical cure/presumed
eradication” be accepted.

3.2. If there residual purulent secretions that were not
cultured, the medical officer defaulted to “presumed

. persistence” .
3.3. If there residual nonpurulant secretions that were not

cultured, the medical officer defaulted to
“microbiologically unevaluable”.

3.4. In cases of clinical failure, a microbiologic assessment
of ‘presumed persistence w was universally applied.

4. In regards to the use of concomitant antibiotic therapy from the time
of enrollment through the end-of study visit, the following criteria
were applied:

4.1. a patient was fully microbiologically evaluable only if
the patient did NOT receive concomitant antibiotic
therapy: —

- For the 48 hour period prior to enrollment (see exception
under item (ii) below)

- During the treatment period
- From the end of the treatment period to the posttherapy
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evaluation and culture
- At the evaluation for clinical relapse

4.2. if the patient received pretherapy antimicrobial
treatment with another antibiotic, the patient was
microbiologically evaluable if there was a pathqen
isolated on admission culture. If no pathogen-was
isolated on admission culture, the patient was both
clinically and microbiologically unevaluable.

4.3. if the patient received an alternative antibiotic AND
there was clear documentation of an alternative
diagnosis for which the other antibiotic was prescribed,
the patient was categorized as microbiologically
unevaluable.

4.4. if the patient received an alternative antibiotic AND
there was no documentation of an alte=ative diagnosis
for which the alternative antibiotic may have been
prescribed, the patient was deemed ticrobiologically
evaluable (only) as a persistent pathogen.

—

5. Subjects must have completed an adequate course of therapy of either
study drug, with “adequate course” defined as follows:

5.1. for patients in the levofloxacin arm who were designated
as a clinical cure at EOT, a minimum of 5 days or 100%
of the minimum dose specified by the amended protocol

5.2. for patients in the cefaclor arm who were designated as
a clinical cure at EOT, a minimum of 6 days or 80% of
the minimum dose specified by the protocol

5.3. for patients in either the levofloxacin arm or the
cefaclor designated a clinical failure at EOT, a minimum
of 72 hours of study drug was to have been taken

5.4. for the levofloxacin arm, no more than 1 missed dose
within the dosing interval requiring extension of the

“ dosing interval to complete the full 5-7 doses of
therapy, as specified by the amended protocol.

5.5. for patients in the cefaclor arm, no more than two missed
doses requiring extension of the dosing intetial to
complete the full 7-10 days of therapy specified by the
protocol

6. Symptomatic response “unable to evaluate” at either the EOT or the EOS
evaluation remained disqualified from the efficacy analysis. The

exception to this was a patient who was declared a clinical failure during
therapy or at the EOT visit: this failure was carried forward as
“evaluable” regardless of the EOS evaluation.

— —

—
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10. Investigators and study sites:

Protocol 90-070 was conducted by 27 investigators at a total of 31 meparate sites

(28 sites within the United States and 3 foreign sites in Costa Rica, car$ada,and
Mexico), as delineated below.

Lawrence K. Alwine, D-o.
Kent E. Anthony, M.D.
Edwin R. Brankston, M.D.

Gregory V. Collins, H.D.a
uark O. Farber, M.D.

Lee A. Fischer, U.1).a

Charles Fogarty, M.D.
Layne O. Gentry, M.D.

Larry I. Gilderman, D.O.

Michael Habib, M.D.
W.John Henry, M.D.b
Fernando A. Keller, M.D.
Richard B. Kohler, M.D.a
Mark J. Kunkel, M.D.
George Mestas, M.D.

William Horowitz, M.D.

Avi Nahum, F1.D.a
R. Dale Padgett, M.D.
Richard H. Parker, M.D.a
Alan R. Pollack, M.D.
Philip J. Roos, M.D.a
J. Daniel Scott, M.D.
Judy Stone, M.D.

David W. Stryker, M.D.
James R. Taylor, M.D.
John Toney, M.D.
James Wellman, M.D. -

Downingtown Family Medicine, Downingtown, PA; USA - -
R/D Clinical Research, Inc., Nassau Bay, TX; USA
The Oshawa Clinic, Oshawa, Ontario; Canada

Charlotte, NC; USA
Roudebush VA Medical Center, Indianapolis, IN; USA

Palm Beach Center for Clinical Investigation, West Palm Beach,
FL; USA

Lung and Chest Medical Associates, Spartanburg, SC; USA
St. Luke’s Bpiscopal Hospital, Houston, TX; USA;
Clinics Pavas, Hospital Mexico; Hospital San Juan de Dies
Cenare-National Rehabilitation Cantre; Hospital Calderon Guardia,

San Jose, Costa Rica
University Clinical Research Associates, Inc., Pembroke Pines,

FL; USA
VA Medical Center, Tucson, AZ; USA
InternalMedicine of Greer, Greer, SC; USA
Pulmonary Associates, M.D., P.A., Miami, FL; USA
Wishard Memorial Hospital, Indianapolis, IN; USA
Danbury Hospital, Danbury, CT; USA
Clinical Study Center, Cape Coral, FL; USA
Clinical Study Center, Fort Myers, FL; USA
The Delaware Valley Institute for Clinical Research, Cherry Hill,

NJ; USA

St. Paul Ramsey Medical Center, St. Paul, MN; USA
Bamberg, SC; USA
ProvidenceHospital, Washington, DC; USA
Rockville Internal Medical Group, Rockville, MD; USA

- Jerry L. Pettia Memorial V.A. Hospital, Loma Linda, CA; USA
R/D Clinical Research, Inc., Lake Jackson, TX; USA
Memorial Hospital and Medical Center of Cumberland, Inc.,

Cumberland, MD; USA
Hunt Club Medical Center, Ridgely, WV; USA
Albuquerque, NM; Rio Rancho, NM; USA
Pulmonary Consultants, Tacoma, WA; USA
James A. Haley VA Hospital, Tampa, FL; USA
Atlanta, GA; Deatur, GA; Tucker, GA; USA

● Did not enroll any subjects in the 8tudy. b Did not receive drug.

11. Study Population:

Approximately 380 subjects, men and women who were 18 years of age or older with
a diagnosis of acute bacterial exacerbation of chronic bronchitis, were to be
enrolled in this study to ensure 226 microbiologically evaluable subjects (113
per treatment group) for efficacy analysis. Subjects were enrolled according to
the inclusion/exclusion criteria summarized below and described in detail in the
protocol. Subjects with a diagnosis of acute bronchitis, pneumonia (as evidenced
by acute infiltrates on the admission chest X-ray obtained within 12 hours prior
to screening) , or cystic fibrosis were not eligible for treatment under this
protocol after the first amendment. Sixte~ subjects with an admiss~on diagnosis
of pneumonia and approximately the same number of subjects without an admission

diagnosis Qf chronic obstructive pulmonary disease (COPD) were enrolle~ prior
to this amendment.
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12. Efficacy as per sponsor:

12.1. OVerview of Analysis Groups:

12.1.1. Demographics of Intent-to-treat Cohort:

Three hundred seventy-three subjects were enrolled in this study at 20 of the 27
centers (seven investigators did not enroll anY subjects) . The inten~-Jo-treat
group included 189 subjects who were randomized to the levofloxacin treatment
group and 184 subjects who were randomized to the cefaclor treatment group. Two
subjects randomized to receive levofloxacin actually received
cefaclor; hence, the numbers of subjects who received levofloxacin and cefaclor
were 187 and 186, respectively. Both subjects were clinically and

microbiologically evaluable; ‘thus, both are included in the analyses based on

clinically evaluable subjects and those based on microbiologically evaluable
subjects. The clinical response for these subjects was evaluated as “cured” and
the microbiologic response as ‘Eradicated” . The demographic and baseline

(admission) characteristics of the modified intent-to-treat group were comparable
between the levofloxacin and cefaclor treatment groups. The mean age for all
subjects was 60.5t14.7 years with a range of 19-89 years. Men accounted for 57.6%
of all subjects enrolled and Caucasians for 94.1%. The majority (86.6%) of
subjects had an initial diagnosis of COPD. There were no statistically

significant differences (P=O.11) between the two treatment groups for any of the
demographic features tested (i.e., age, sex, race) for any of the analysis

groups.

Table 12.1.1.
Demographic and Baseline Characteristics:

Modified Intent-to-treat Cohort
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12.1.2. Discontinuation/Completion Information:

of the 3-73subjects enrolled in the study, 187 received levofloxacin and 166

received cefaclor (modified intent-to-treat group) . AS shown below, * (16.0%)
subjects in the levofloxacin group discontinued therapy prematurely and 157
(84.0%) subjects completed therapy according to the regimen prescribed by the
investigator. Of the 185 subjects in the cefaclor treatment group wkth known

discontinuation/completion information, 30 (16.2%) discontinued therapy
prematurely and 155 (83.8%) completed therapy. One subject in this group had

unknown discontinuation/completion information.

Figure 12.1.2
Discontinuation/Completion Information: Modified Intent-to-treat Subjects

b 1

The most

I 373Subjects
Enrolled

I

I I
I 187siJbjectsreceivedIevofbxacinI I 186eubjectsreceivedcefaclor1

— +30 stijectsdkontrnued +30 eubjectsdiscontnued

+1 subjectwithunknown
dscontinuation/completion
hformtbn

I 157subjectscompletedtherapyI I 155eubjectscomplatedtherapy I

common reasons for therapy discontinuation were an adverse event and
absence of an admission pathogen in the levofloxacin treatment group and clinical
failure in the cefaclor treatment group. Absence of an admission pathogen was a
reason for discontinuation of a subject from the study prior to the second
protocol amendment that allowed subjects to continue in the study even if a
pathogen was not isolated.

Table 12.1.2

Reasons for Premature Discontinuation: Modified Intent-to-Treat Subjects
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12.1.3. Demographics of Clinically and

Cohort (s) :

One hundred fifty-four (82.4%) subjects in the
155 (83.3%) subjects in the cefaclor treatment

125

Microbiologically Evaluable

levofloxacin treatment~roup and
group were clinically evaluable.

One hundred three (55.1%) subjects in the levoflo=cin group and 89 (47-8%)
subjects in the cefaclor group were microbiologically evaluable. Th# primary
reasons (subjects only counted once) for exclusion from either the clinical or
microbiologic analyses of efficacy are summarized in Table 12.3.3.B, below. The
main reasons that subjects were not clinically evaluable were insufficient course
of therapy and inappropriate posttherapy clinical evaluation (levofloxacin group)
and unconfirmed clinical diagnosis and insufficient course of therapy (cefaclor

group ), whereas the major reason that subjects were not microbiologically
evaluable in the two treatment groups was absence of bacteriologically proven
infection.

Table 12.I.3.A
Ntier of Subjects by Analysis Group and Study Center
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. .
Table 12.1.3.B

Primary Reasons for Clinical or Microbiologic Nonevaluability:
Sponsor’s Modified Intent-to-Treat Cohort
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The demographic and baseline characteristics of the subjeces included in the
clinically and –microbiologically evaluable groups were comparable to the
previously described modified intent-to-treat group with respect to age, sex,
racial composition, and other baseline characteristics. The demographic and
baseline characteristics of clinically evaluable and microbiologically evaluable
subjects were comparable, with no statistically significant differences (P30.11)
between the two treatment groups.

Table 12.1.3.C
Demographic Characteristics:

Sponsor’s Clinically and Nicrobiologically Bvaluable Patients
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12.1.4. Extent of XxPosure:
The mean duration of therapy was 6.6 daYS for levofloxacin-treated
subjects and 8.7 days for cefaclor-treated subjects; the medi= were 7
and 9, respectively. Six subjects reported dosing errors. Two subjects

(3901 and 219) in the levofloxacin treatment grOUP took O~Y one
levofloxacin tablet (97.6 mg) per daY fOr four -d se~~ daYS,

respectively. The dosage was adjusted to five tablets per day for subject
39o1. Prior to the first protocol amendment, one cefaclor-treated subject

(4o5) took 250 mg cefaclor three times a day and after the first protocol
amendment, three cefaclor-treated subjects (806, 918, and 4103) took 500

mg cefaclor three times a day.

Table 12.1.4
Extent of Exposure to Therapy: Sponsor’s Intent-to-treat Subjects
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12.1.5. Concomitant therapies:

With the exception of a larger percentage of cefaclor-treated subjects
than levofloxacin-treated subjects taking CNS-acting drugs, comparable
percentages of subjects in the levofloxacin and cefaclor tre~tment groups
took these concurrent therapies.

-.
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Therapioa:
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12.2. Clinical Response

This section of the report focuses on results of the secondary efficacy, analyses
of clinical response, based primarily on the group of sub] ects evaluable for

clinical efficacy. The results from the other analysis groups were generally

consistent with those from the clinically evaluable group.

12.2.1. Overall Clinical Response
~ong clinically evaluable subjects in the levofloxacin treatment group,
72.1% were cured and 19.5% were improved, compared with 64.5% and 27.1% in
the cefaclor treatment group. Thirteen (8.4%) subjects in each treatment
group failed treatment. In the modified intent-to- treat group,

levofloxacin treatment resulted in 62.6% cure, 26.2% improvement, and 9.6%
failure; 1.6% of subjects could not be evaluated. Cefaclor treatment -
resulted in 59.1% cure, 29.0% improvement, and 10.2% failure; 1.6% of

subjects could not be evaluated. Among modified intent-to-treat subjects
with an adk?sion pathogen, levofloxacin treatment resulted in 69.0% cure,
23.3% improvement, and 6.0% failure; 1.7% of subjects could not be

evaluated. Cefaclor treatment resulted in 58.7% cure, 27.9%-improvement,
and 12.5% failure; 1.0% of subjects could not be evaluated. Similar

results were found in the intent-to-treat group.

-.
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.. Table 12.2.1.A
clinical Response Rate for Bach Study Center:

..
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To allow for a dichotomous analysis of clinical response, the clinical
response categories ‘cured” and “improved” were combined into a single

category of “Clinical Success”. Two-sided 95% confidence intervals around

the difference in clinical success rates were calculated to evaluate
therapeutic equivalence between treatments. Among clinically evaluable
subjects, levofloxacin and cefaclor treatment each resulted in 91.6%
clinical success, with a 95% confidence interval of [-6.5, 6.6] for the
difference (cefaclor minus levofloxacin) in success rates. The upper
limit of this confidence interval lies below the upper bound of 10% -
suggested by the FDA’s Anti-Infective Ilpointsto Considerm guideline for

establishin-gclinical equivalence of treatments with success rates greater
than 90%. The cure rates for the two treatment groups were also similar
(72.1% for levofloxacin, 64.5% for cefaclor), with a 95% confidence
intenal on the difference in cure rates of [-18.2, 3.11. In addition, the
clinical success rates and cure rates were generally consistent regardless
of sex or age. Given the small number of non-Caucasians in this study, no
meaningful comparisons can be made based on race.

–- —



f

130

Table 12.2.1.B
Clinical Success/Failure Ratas and Confidence Xnt@mals by Study Center: “-
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In the modified intent-to-treat group, the clinical success rate for
treatment with levofloxacin was 88.8% and treatment with cefaclor was
88.2%. The corresponding rates for modified intent-to-treat suhjects with
an admission pathogen were 92.2% and 86.5%, respectively.

12.2.2. Clinical Response by Pathogen

Clinical response rates for clinically evaluable subjects infected with
pathogens of interest alone or in combination with other p-athogens are
shown in Table 12. Among the pathogens of interest, H. influenza, M.
(Branhamella) catarrhalis, and H. parainfluenzae were the most prevalent
pathogens across the two treatment groups. Clinical success rates (cured
+ improved) for the pathogens of interest listed in the table ranged from
84.2% (M. Branhamella catarrhelis) to 100% (H. parainfluenzae and S.
aureus )
100% (M.

for levofloxacin-treated subjects
catarrhalis and H. parainfluenzae)

and
for

from 66.7% (S. aureus) to
cefaclor-treated subjects.

—
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Table 12.2.2

Clinical Response Rate6 For Subject13with Pathogens of Primary Interest: --
Sponsor’s Clinically Bvaluable Subjects
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12.2.3. Clinical Symptoms
The proportions of clinically evaluable subjects with reSOIUtlOII of

clinical symptoms of bronchitis are presented in Table 13. In general, for
both the levofloxacin and cefaclor treatment groups, there was clearing of
individual symptoms from admission to posttherapy in approximately 60% or
more subjects.

Table 12.2.3
Proportion of Subjects with Resolution of Clinically Symptoms of Bronchitis

Based on Posttherapy Evaluation: Sponsor’s Clinically Evaluable Subjects
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12.3. Microbiologic Results

Microbiologic response was the primary efficacy variable in this study. The
analyses of microbiologic response, based primarily on the group of subjects
evaluable for microbiologic efficacy, are presented in detail in this section,
with results of other analysis groups provided in the Supporting Data section at
the end of the text and briefly described here. The results based on modified
intent-to-treat and intent-to-treat subjects with an admission pathogen were
generally consistent with those from the microbiologically evaluable group.

12.3.1. In Vitro Susceptibil~ty
—

One hundred sixteen subjects in the levofloxacin treatment group and 104
subjects in the cefaclor treatment group had pathogens isolated at

admission. The 116 levofloxacin-treated subjects had 157 pathogens with
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known susceptibility and the 104 cefaclor-treated subjects had 117
patlmgens with Ia’Iownsusceptibility. AS shown in Table 15, there were 154
(98.1%) pathogens isolated at admission from levofloxacin-treated_mbjects
for moderately susceptible to levofloxacin and 89 (76.1%) pathogens
isolated from cefaclor-treated subjects that were susceptible or
moderately susceptible to cefaclor. The pathogens resistant to =eudy drug

received represented 1.9% and 23.9% of all isolates with known

susceptibility from levofloxacin- and cefaclor-treated subjects.

Table 12.3.l.A
In vitro Susceptibility of All Pathogens ieolated at Admission:
Modified Intent-to-Treat Subjects with an Admission Pathogen

No.(%~ofPdhqens

Susa@iWtyofPdhogen Lewloman Cetscbr
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ModeretdySusce@itJe 4 (2.6) 6 (5.1 )

Re$dti 3 (1 .9) 26 (23.e)
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One hundred eighty-six (67.9%) of 274 isolates with known susceptibility
information for both levofloxacin and cefaclor were susceptible to both
drugs; 270 (98.5%) isolates with known cross-susceptibilities were
susceptible or moderately susceptible to levofloxacin and 207 (75.5%)
isolates were susceptible or moderately susceptible to cefaclor.

Resistance to both drugs was seen for one (0.4%) of the isolates. Three

pathogens were levofloxacin-resistant and cefaclor-susceptible, while 66
pathogens were levofloxacin-susceptible or moderately susceptible and .

cefaclor-resistant. Cross-susceptibility to both drugs was unknown for

three isolates.

Table 12.3.1.B
Cross-Susceptibility of Admission 1801ated to Levofloxacin and Cefaclor:

Modified Intent-to-Treat Subjects with an Admission Patho-gen

Cefacbr

s M R u

s 186 8 63 0 257

Levofbxach M 8 2 3 0 13

R 3 0 1 0 4

u o 0 0 3 3

197 10 67 3 277

S= Susceptible, M= Moderate, R= Reai#ant, U= UnloWn -
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12.3

One investigator (Gentry) enrolled subjects in Costa Rica. In vitro
susceptibility to levofloxacin and cefaclor for pathogens isolated from
Costa Rica was compared to those from the U.S. and Canada &ross all
investigators. The distribution and susceptibility of key pathogens to
both drugs were similar when comparing the data from Costa Rica and
U.S./Canada. .-

.2. Microbiologic Eradication Rates

12.3.2.1. Microbiologic Eradication Rates by Subject

Among microbiologically evaluable subjects in the levofloxacin treatment
group the eradication rate was 94.2% (including 77.7% presumed eradication
and 16.5% documented eradication) compared with 86.5% (including 76.4%
presumed eradication and 10.1% documented eradication) in the cefaclor
group, with a confidence interval of [-16.6, 1.31 for the difference

(cefaclor minus levofloxacin) in eradication rates. The upper limit of
this confidence intezwal lies below the upper bound of 10% suggested by
the FDA’s Anti-Infective Ilpointsto Considerilguideline for establishing

clinical equivalence of treatments with success rates greater than 90%.
Six (5.8%) subjects in the levofloxacin treatment group and 12 (13.5%)
subjects in the cefaclor group did not have their infection eradicated.
Confidence intervals computed for each study center with 10 or more
microbiologically evaluable subjects in each treatment group and for all
other centers pooled demonstrate the consistency of results across
centers. The results observed for the microbiologically evaluable group
that indicate equivalence between treatment groups were also generally
obsened across the various sex and age subgroups. Given the small number
of non-Caucasians in this study, no meaningful comparisons can be made
based on race. Among modified intent-to-treat subjects with an admission

pathogen, levofloxacin treatment resulted in 89.7% eradication and 6.0%
persistence; cefaclor treatment resulted in 82.7% eradication and 13.5%

persistence. Confidence intervals were also computed to evaluate
consistency across all analysis groups in microbiologic eradication rates. -
The individual confidence intervals for all other analysis groups are
centered below zero and are consistent with equivalence of treatments in
terms of microbiologic eradication rates.

—-

--
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Table 12.3.2.1
Xicrd-iologic Eradication Rates and Confidence Inte=alm by Study Center: -
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12.3.2.2. Microbiologic Eradication Rates by Pathogen

The overall microbiologic eradication rates by pathogen in itie

levofloxacin and cefaclor were 95.0% and 86.5%, with a 95% ~nfidence
interval of [-16.4, -0.4], for the”difference between treatments (cefaclor

minus levofloxacin) , assuming independence of multiple pathogens and

multiple strains within a subject. This difference favors lemfloxacin.

The most prevalent pathogens for both levofloxacin and cefaclor treatment
groups were gram-negative aerobes (84.2% and 86.5% of pathogens in the two
treatment groups; the remaining pathogens were gram-positive aerobes 15.8%
and 13.5% of pathogens in the two treatment groups) . The microbiologic
eradication rates for gram-negative and gram-positive aerobes in the
levofloxacin treatment group were 95.7* and 90.9%, respectively. The
corresponding eradication rates in the cefaclor treatment group were 86.7%
and 85.7%. The most common pathogen, H. influenza, was eradicated by
levofloxacin in 100% of cases, compared with a 70.8% eradication rate with
cefaclor treatment. There was 94.7% eradication of the second most common
pathogen (M. (Branhamella) catarrh allis) and 93.3% eradication of the
third most common pathogen (H. parainfluenzae) in the levofloxacin

treatment group versus 100% for both pathogens in the cefaclor treatment
group. There was 90.0% eradication of S. pneumonia and 88.9% eradication
of s. aureus in the levofloxacin treatment group versus 85.7% and 66.7%
eradication of the second most common pathogen (P. aeruginosa) in the
cefaclor treatment group versus 80.0% in the levofloxacin treatment group.
No subject with susceptibility data available at posttherapy had

microbiologic persistence of a pathogen that acquired resistance. In
general, eradication rates were also comparable across the various sex and

age subgroups.

Table 12.3.3.2
Microbiologic Evaluation Rates Summarized by Pathogen Category and Pathogen:

Sponsor’s Microbiologically Evaluable Patients

Lwdb.dn CA&

SW Cln4ii
P&hOgsncmqmdPuhogsn N Eratb@ N EIadiostsd “l&J*

Pdn?grll Casgw

GMP@k. US* P8h0ws
Gr8mlssguiv0asdfePA09ms

TatalbypahqmI
Tadbysu&rI

22 20 130.a 14 12 ISS71 (a7, 2a31

117 112 (35.3 30 76 Isa-rl (-17.5. 0.6)

133 132 m.a 104 m (=9 (-164. a.41
lm 37 w.a 63 77 es (-1R6, 1.3

ZI 21 IIW.a 24 17 (ma [4S7. ~61
19 18 (34.71 8 S(loo.o --

15 14 (33.3 7 7nmo .-

13 13(loaa 7 7(loo.o --

10 8 160.a 14 11 (76.0 [=2, 364)
10 9 (30.0 7 6 =71 --

9 8 (66.s 3 2 mm .-
6 6(lm.O 1 0 (O.CII --

1 1 (moo 6 5(6X3 - -~&i

“NunbasshwnlnwAwscsuep@f~ la thstca!qory.
bTwc+&d3W adicbnahtava!nasdttwdfama [cdadatiu ~intiaebbbglcerdicaii

—.



136

12.4. Pneumonia

Sixteen stibjects (seven in the
had an admission diagnosis of
C. pneumonia, S. pneumonia,

levofloxacin group and nine in the cefaclor group)
pneumonia. The most corrnnonpathogens is&ated were
and H. influenza. One subject ~ had three

pathogens isolated; the remainder had one or none. Five of six of the pathogens

isolated in each of the treatment groups were eradicated. Six-ef seven

levofloxacin-treated subjects and eight of nine cefaclor-treated subjects were
cured or improved.

12.5. Superinfection

No subjects in the levofloxacin treatment group developed superinfections. Six
subjects in the cefaclor treatment group developed superinfections and had the
superinfecting organisms isolated during the posttherapy period. For these

subjects, all of the isolates were susceptible or moderately susceptible to both
levofloxacin and cefaclor.

Table 12.5
List of Subjects with Superinfections:

Sponsor’s Modified Intent-to-Treat Cohort

w
Numb Paid Pa!F’ogm TP d -m Lwdbadn C&AI

Cefadw

12.6. Summary ~f Key Efficacy Results

Clinical success rates for the clinically evaluable group and two supportive
modified intent-to-treat groups, and microbiologic eradication rates for
microbiologically evaluable subjects and modified intent-to-treat q.ubjects with
an admission pathogen are sumarized for the levofloxacin and cefaclor treatment
groups in Table 12.6 on the following page. Within response category
(microbiologic or clinical), the results are comparable among the analysis
groups. Moreover, there is concordance be”tween the clinical and microbiologic
responses based on a cross-tabulation of clinical response versus microbiologic
response, further confirming the consistency and reliability of the clinical and
microbiologic responses. The clinical and microbiologic results clearly
demonstrate that levofloxacin is equivalent to cefaclor.

.
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Summary of Key Efficacy Raaults
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13. Efficacy as per Medical Officer:

13.1. Patient Population:

Of the sponsor’s intent-to-treat cohort, the medical officer considered 85%

(316/373) clinically evaltile according to the evaluability criteria outline
under Section 11.2.1. Of the 316 clinically evaluable patients, the-medical
officer determined that 57% (179/316) of these were microbiologically evaluable.
Of the clinically evaluable patients, 43% (137/316) were microbiologically
unevaluable. The reasons for both clinical and microbiologic nonevaluability
are summarized in a series of tables under section 13.1.2. The breakdown of the
intent-to-treat cohort into evaluable subgroups is summarized in Table 13.1.A,
below. These patients are further categorized by treatment group in Table
13.1.B.

Table 13.I.A
FDA Clinically and Microbiologically Bvaluable Patienta:

Breakdown as Subgroups of Sponsor’s Intent-to-treat Cohort

FDA ClinicallyBvaluable FDA ClinicallyNonevaluable
)

FDA Microbiologically FDA Nicrobiologically FDA Microbiologically FDA M.icrobiologically
8valuable Nonevaluabla Zvaluable Nonevaluable
N (%) N(%) N(%) N(%)

179 137 0 57
179/316 (57%) 137/316 (43%)
179/373 (48%) 137/373 (37%) 57/373 (15%)

316/373 (85%) 57/373 (15%)

Intent-to-treat Cohort 373

Table 13.1.B
FDA Clinically and Microbiologically Bvaluable Patients:

Breakdown as Subgroups of Sponsor’s Intent-to-treat Cohort

FDA Clinically Bvaluable FDA Clinically -Nonevaluable

mm IKicrobiologically FDA M.icrobiologically FDA ?DA Microbiologically
Zvaluebla N (%) Monevaluabla N(%) M.icrobiologically !ionevaluableN(%)

Svaluable N(%)

179/316 (57%)
Levofl~~~ 60j;;~)

o 57/57 (100%)
~floxacin 9S/179 (55%) (44*) Levofloxacin 29/57 (51%)
Cefaclor 81/179 (45%) Cefaclor 77/137 (66%) Cefaclor 28/57 (49%)

FDA Clinically Svaluable FDA Clinically ltonevaluable
316/373 (85%) 57/373 (15%)

Levofloxacin 158/316 (50%) Levofloxacin 29/57 (51%)
Cefaclor 158/316 (50%) Cefaclor +8/57 (49%)
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13.1 .1---Demographics

13.1.1.1. Demographics of FDA Clinically and Microbiologicaliy

Evaluable Cohorts

Of the 316 patients in the FDA clinically evaluable patient cohort, 165 (59%)
were female and 131 (42%) were male. This is similar to the distribu~~on found
in the intent-to-treat cohort, as summarized in Table 12.1.2. In the cohort of

179 patients who were both clinically and microbiologically evaluable, there were
109 (61%) males and 70 (42*) females. The distribution among racial groups was

similar for both cohorts, and this was similar to the distribution in the intent-
to-treat cohort. Likewise, the age distribution in the clinically and

clinically/microbiologically evaluable cohorts was similar to that in the intent-
to-treat cohort.

Table 13.1.1.A
Demographic and Baseline Characteristics:

FDA Clinically And Microbiologically Evaluable Cohorts

FDA ClinicallyBvaluable FDA Clinically and
Patients N (%) Microbiologically Bvaluable

patients N (%)

TOTAL 316/373 (85%) 57/373 (15%)

sex
M 185/316 (59%) 109/179 (61%)
F 131/316 (42%) 70/179 (39%)

Race
Caucasian 298/316 (94%) 169/179 (94*)

Black 11/316 (3.5%) 5/179 (2.8*)
Hiepanic 4/316 (1.3%) 3/179 (1.7*)

Asian 2/316 (0.6%) 2/179 (1.1%)
Other 1/316 (0.3*) 0/179 (0%)

Ago (yrs)
545 64 (20%) 33 (18%)
46-64 110 (35%) 56 (31%)
>65 142 (45%) 90 (50%)

—
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13.1.1.2. Demographics of FDA Clinically and Microbiokgically

Evaluable Cohorts: Analysis by Treatment Groups
The demographics of the clinically evaluable and clinically and microbiologically
evaluable patient groups are further subdivided by treatment group =in Table
13.1.1.2, on the following page. The distribution of demographic variables for

all subgroups remains comparable to that in the intent-to-treat cohort described
under Section 12.1.2.

Table 13.1.1.2
Demographic and Baseline Characteristics:

FDA Clinically And 14icrobiologically Bvaluable Cohorts:
Analysis by Treatment Group

I PM clinicallyEvaluabl*Pstiults I PZiAClinicallyand NicrobiologicallyBVSluablo I

=-i-===

sat
M
F

185 (59*)
131 (42%)

Race
Caucasian
Black

Hispanic
Asisn
Other

298 (94%)
11 (3.5%)
4 (1.3*)
2 (0.6%)
1 (0.3%1

Aga (yrs)
S45
46-64
>65

64 (20%)
110 (35%)
142 (45%)

H (*)

Ixvo

158/316 (50%)

92 (58%)
66 [42*)

147 (93*)
7 (4.4*)
2 (1.3%)
2 (1.3*)
o (0%)

34 (22*)
55 (35%)
69 (44%)

Patients n (%)

CXFACLOR ALL 2570 C2FACLOR

158/316(50%] 179/373(15*) 98/179 (55%) E1/179 (45%)

93 (59%)
65 (41*)

151 (96%)
4 (2.6%)
2 (1.38)
o (0%)
1 (0.6%)

109 (61*)

I

60 (61*) 49 (60%)
70 (39%) 38 (39*) 32 (40t)

169 (94*) 91 (93%) 78 (98%)
5 (2.8*) 3 (3*) 2 (2.5%)
3 (1.7*) 2 (2*) 1 (1.7%)
2 (1.1%) 2 (2%) o (0%)
o lot) o (O*) o (0%)

30 (19*)
55 (35*1
73 (46*)

33 (1s%) 16 (16%) II17 (20%)
56 (31%) 32 (33%) 24 (21*)
90 (sot) 50 (s1%) 40 (49*)

—

—
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13.1.2. Reasons for Nonevaluability

13.1-.2.1. Reasons for Clinical Nonevaluability

Of the sponsor’s intent-to-treat cohort, the medical officer cons~ered IS%

(57/3731 clinically Unevaluable according to the evaluability criteria Outline
under Section 11.2.1.. The reasons for nonevaluability in the remaining 16% are
summarized in the tables below: Table 13.1.2.1.A contains an analysi~ for the
entire cohort of FDA medical officer’s clinically unevaluable patients, whereas
Table 13.1.2.1.B contains only those patients in which the medical officer
differed with the sponsor in the evaluability assessment.

Raasons for Clinical Nonew
I

Reamon for Nonevaluability I Total

Table 13.1.2.1.A

Inappropriate clinical 11
evaluation date

Insufficient Course of therapy 24

Clinical Diagnosis Unconfirmed I 19

Unevalusble for safety 12

Protocol violation II

klability: ALL FDA Nonevaluable Patients

Lzvo C*faclor Subgroup13of Remonai for
N N Nonevaluahility

7 I 4

12 12

9 10 17 with infiltrate on cheat X-ray

I Iconsietmt with pneumonia I
2 -.

-- 1 H/O Seizure dieorder

Clinical Nonevaluability
TOTAL Reaaons 57 30 27
TOTAL Patients 57 30 27

Table 13.1.2.1.B.
Reasons for Clinical Nonevaluability:

Patieat8 Svalueblo by Sponmor but Nonevaluable by FDA

Reaaon for Nonevaluahil~ty Total LSvo Cefaclor Suhgroupa of Reasons for
N N N Nonevaluability

Unevaluahle for safety 1 1 -- No admiesion laboratories

Protocol violation 1 -- 1 History of Seizure Dieorder

Insufficient Course of therapy 2 .- 2

Clinical Diagnoais unconfirmed 1 1 -- Pneumonia

TOTAL Reasonm I 5 I 2 I 3
TOTAL Patiente 5 2 3 I I

—

_.

—

—
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Preliminary statistical analysis revealed a substantially higher clinical success
rate (combined group of clinically cured and improved) for patient receiving
levofloxacin for 7-10 days (98.1*), as conpared to 5-7 days (92.1%). P*ts who
received levofloxacin for 5 days had a clinical success rate of 83% and those who
received levofloxacin for 6 days had a clinical cure rate of 75%. Thus, the final
FDA evaluable patient cohort used in the statistical analysis contaked only
patients receiving levofloxacin for 7-10 days and cefaclor for 7-14 days. There
were thus 94 patients made nonevaluable by these new criteria: 63 in the
levofloxacin arm and 31 in the cefaclor arm. This final FDA evaluable patient
group is described in Table 13.1.2.1.C below.

Table 13.1.2.1.C
Reasons for Clinical Nonevaluability: ALL FDA Nonevaluable Patients

receiving Levofloxacin for 7-10 days and Cefaclor for 7-14 days

3teaaonfor Nonevaluebility Total 2s70 Cefaclor Subgroupt3of Reamonn for
3? N N Nonevaluebility

Inappropriate clinical evaluation date
Original Evaluability Criteria 11 7 4
Final Evaluability Criteria

<4 daye post-therapy 42 19 23
>8 days post-therapy 13 7 6

Total removed from final cohort 66 33 33

Insufficient courne of therapy
Original Evaluebility Criteria 24 12 12
Final Evaluability Criteria
Levo <7 days or Cefaclor <7 days 61 49 12
Levo >10 days or Cefaclor >14 days 3 2 1

Total removad from final cohort 68 63 25

Clinical Diagnosis Unconfirmed 19 9 10 17 with infiltrate on cheet X-ray
conei8tentwith pneumonia

Unevaluable for safety 2 2 .-

Protocol violation 1 -- 1 H/O Seizure dieorder

Clinical Nonevaluebillty
TOTAL Reanons 176 107 69
TOTAL Patients 151 92 59

—

—
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13.1.2.2. Reasons for Microbiologic Nonevaluability

of the 316 clinically evaluable patients, the medical officer determined that 57%
(179/316) of these were microbiologically evaluable. Of the clinicall~aluable

patients, 63% (197/316) were microbiologically unevaluable. The reasons for

microbiologic nonevaluability are listed by treatment group in Table 13.1.2.2

below. Please note that Table 13.1.2.2 summarizes the FDA microbiotogically
nonevaluable patient group PRIOR to the dosing duration restriction. The FDA
statistician was unable to provide the medical officer with the number of
patients that were removed from the microbiologically evaluable patient pool by
each of the modifications in the evaluability criteria. The final
ticrobiologically evaluable cohort consisted of 126 patients: 61 levofloxacin-
treated patienta and 65 cefaclor-treated patients.

Tsble 13.1.2.2
Reasons for MicrobiologicNomevaluability:All Admission Pathogens

FDA Original Evaluability Criteria

clinicallySvaluabld Clinicallyend
Microbiolqically Unevaluable MicrobiologicallyUnevalueble

ALL LEvo CSFACLOR ALL LSVO CSFACLOR

So AdmiseionPathogen 123 55 68 28 15 13

CllnicalDiqmoeis Onconfkmed .- -- -- 11 4 7

DrugThOrapy
Insufficientdurationof therapy .- -- -- 13 -1 6

Protocol violation
Inappropriate Bacteriologic Culture 1 0 1 4 2 2
Seazure Disorder -- -- -- 1’ -- 1

Residual Sputum at Posttherapy Viait not Cultured 13 5 B .- -- --

Total:SicrobiolegicallyXonevaluablaPatients
FDA Evaluable Patients: All Microorganisms 137 60 77 57 29 28

Total: Micxobiologicelly 310meve2uablaPatients 137 57
FDABvalueble Patients: A31 Micrnnrganisme

194

● ● ~lSaion mi=roorgalem was not one of the four organiaum accepted as pathogene in acute exacerbation Of

chronic bronchitis for purposes of thh review. This review contains three enalyaes of efficacydata with (1) all
pathogens, (2}only the auhgroupof patientswith the acceptedfourpathogens(S.pneumo,S. ●ureus,H. flu,U.
cat) and (3) only the subgroupof patients with the accepted three pathogens (S. pneumo, H. flu, H. cat) .
●s* ~tal n~er of Petimts with .5’.aureus ieolated on admiasioa was 41, of these, 22 were microbiokgically

evaluable, 7 were microbiologically uneveluable, end 12 were isolated as pert of polymicrobial infections end,
therefore considered contaminants for the purpomem of this analysis.

—
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13.2. Clinical Efficacy:
..

Using the medical officer’s clinical evaluability criteria delineated~ Section
11.2.1 of this review, a total of 316 clinically evaluable patients were selected
from the intent-to-treat cohort: 158 levofloxacin-treated patients and 1s8

cefaclor-treated patients. As specified by Protocol Amendment #1, dabed June 1,
1992, the dosage duration for levofloxacin was shortened from the original 7-10
day to 5-7 days. AS discussed above, on preliminary analysis by the FDA, there
was found a substantially higher clinical success/clinical cure rate in the
patients treated with levofloxacin for 7-10 days as compared to those treated
from 5-7 days. Thus, under the direction of the supenisory medical officer, the
evaluable patient cohort was limited to those who had received levofloxacin for
7-10 days and cefaclor for 7-14 days. The remainder of the efficacy analysis was

conducted on this more narrowly defined patient cohort.

The overall cure rate at the posttherapy evaluation was 65% (62/95) for the
levofloxacin-treated cohort and 58% (74/127) for the cefaclor-treated cohort.
The 95% confidence interval around the difference in the overall clinical cure
rates was lzt,gs(-20.8,6.8)ss*,~s~3~ indicating statistical equivalence of the cure
rates of the two_treatments. Cure rates by investigator are summarized in Table
13.2.A, below.

Table 13.2.A
Posttherapy Clinical Cure Rates By Investigator:

FDA Clinically Bvaluable Subjects

I
Levofloxacin

I
Cefaclor

Investigator N’ Cure Improve Fail N Cure Improve Fail

Gentry 2.4 24 (100) o (o) o (0) 30 29 (97) 1 (3) o (o)
Taylor 15 3 (20) 10 (67) 2 (13) 15 5 (33) 9 (60) 1 (7)

Other 56 35 (63) 21 (38) o (o) 82 40 (49) 39 (48) 3 (4)

Total 95 62 (65) 31 (33) 2 (2) 127 74 (58) 49 (39) 4 (3)

Numbersshownin pSrentheBeSare percentagesfOr thatcategory.
‘Resultsare preeented for investigators with 10 or more evaluable patients in each treatment group. All other

irmeatigators are combined under “other”.
The difference in overall cure rates for all centers combined was not statistically significant in FDA’s

microbiologically evaluahle patient group and the drugs are considered therapeutically equivalent; 95%
confidence intenal for cefaclor minus levofloxacin u~,”(-20.8, 6.8)”,.,.,.

.- _

—-

3 Dr. Nancy Silliman, Statistical Review of NDA 20-634 and 20-635.
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If the clinically cured and clinically improved patients are grouped into one
category-of “clinical success”, the levofloxacin-treated patients had an overall
success rate of 98% (93/95) and the cefaclor-treated patients had ‘aa-overall
success rate of 97% (123/127). Overall success rates by investigator are

summarized in Table 13.2.B, below. The 95% confidence internals for (1)

individual investigators and (2) the overall clinically evaluable cohort all
overlapped zero.

Table 13.2.B
Posttherapy Clinical Success Rates By Investigator:

FDA Clinically Evaluable SUbjeCtS

Levofloxacin Cefaclor

Investigator N“ Successb N Success 95% Confidence
Intervalc

Gentry 24 24 (100) 30 30 (loo) N/A
Taylor 15 13 (87) 15 14 (93)
Other

(-21.3,34.7)
56 56 (100) 82 79 (96) (-9.2,1.9)

Total 95 93 (98) 127 123 (97) (-6.2,4.1)
“Resultsarepresentedfor1nve6t@ator6with10OrmnreevaluablePatientsineachtreatmentgroup.lUlother

investigators are combined under ‘other=.
Ylinical success is defined as either clinical cure or clinical improvement. Sumbers shown in parentheses are

percentages for thst category.
-o-sided cnnfidence interval for the difference (cefaclor minus levoflosacin) in clinical success rate.
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13.2. Microbiologic Efficacy

Using the medical officer’s clinical and microbiologic

. .

evaluabili~riteria
delineated in Sections 11.2.1 and 11.2.2 of this review, a total of 179 patients
were both clinically and microbiologically evaluable. With the addition of the
dosing duration criteria to the evaluability criteria, this number was reduced
to 126 subjects, 61 in the levofloxacin arm and 65 in the cefaclor am. The FDA
‘points-to-consider” recommendations for the development of antibiotics for the

treatment of acute exacerbation of chronic bronchitis does hot include
recommendations of specific numbers of isolates for individual pathogens.

The clinical cure rates by pathogen for the the pathogens requested by the
sponsor in their proposed package insert are listed in Table 13.2.A, below. The
total number of pathogens in.each category is limited, mainly as a result of the
restricted evaluable patient pool defined by the dosing duration restriction
applied after the preliminary analysis. The clinical success (cured and improved)
rates are acceptable for all pathogens requested by the sponsor. However, the
cure rates are suboptimal for H. influenza and Moraxella catarrhalis and are
borderline for S. aureus.

—

Table 13.2.A
Poststudy Clinical Cure Rates for Subjects with Pathogens of

Primary

Pathoaen

Haemophilusinfluenza

Jfaemophilusparafnfluenz.ee

UOraxella cd tarrhalis

Staphylococcus aureus

Strerxococcus memoniae

Iumbera shown in oerentheses

Interest: FDA Clinically Evaluable SUbjeCtS

Levofloxacin Cefaclor

w Cure I Improve I Fail w Cure I Improve Fail

14 4 (29) 10 (71) o (o) 19
4 4 (loo) o (o) o (0) e
10 5 (50) 4 (40) 1 (lo) 4
4 3 (75) 1 (25) o (o) 2
9 7 (78) 2 (22) o (o) 5

I 1 1 I
~re percentages forthatcategory.

8 (42)
4 (50)
2 (50)
1 (50)
3 (60)

10 (53) 1 (5)
4 (50) o (0)
2 (50) o (0)
1 (50) o (o)
2 (40) o (o)

?&number of suhjects who hsd that psthogin alone or in combination with other pathogens.
AS noted previously, there ware no quantitative cultures included ae pert of this protocol. Therefore, it is

unknown whether or not the cure rates end eradication rate8 forS. aureusrepmmnt ieolateawith a CPU
count thatware ●ctuallybelowthe breakpointfor S. ●ureuaae ● Pstbqan. 1

_

—
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The microbiologic eradication rates by pathogen for the major categories of
respiratory pathogens and the pathogens requested by the sponsor in their

proposed package insert are listed in Table 13.2.B, below. The microbiologic
eradication rates are acceptable for all pathogens requested by the.sponsor,
although the 75% eradication rate for S. aureus is on the low end of the
acceptable range.

Table 13.2.B

Overall Microbiologic Eradication Rates by Pathogen Category

and Pathogen: FDA Microbiologically Bvaluable Subjects”

Levofloxacin Cefaclor

95% Confidence

N Eradicated’ N Eradicated”
Intenralb

Pathogen Category/Pathogen

Pathogen Category

Gram-poaitive aerobic pathogens 14 12 (86) 9 9 (loo)

Gram-negative aerobicpathogena
60 56 (93) 64 57 (89) (-15.8, 7.3)

Total by pathogen 74 68 (92) 73 66 (90) (-12.0, 9.1)

Total by subject 61 57 (93) 65 58 (89) (-15.6, 7.1)

Pathogen

Saem7philusinfluenza 12 11 (92) 17 13 (76) (-47.8, 17.4)
Heaxcphilusparainfluenzae 4 4 (loo) 4 4 (100)
Moraxella catarrhslis 10 10 (loo) 4 4 (loo)
Staphylococcusaureus 4 3 (75) 2 2 (loo)
Streptococcus pneumonia 8 7 (88) 5 5 (loo)
-.—L-——-L_.—.--._-_.L----------------------i.......---=.
bA two-sided confidenceintervalfor the difference (cefaclor minus levofloxacin) in microbiologic eradication rate
was calculated for pathogens with 10 or more ad.mieaion isolates in ●ach treatmentgroup.

Table 13.2.B
Microbiologic Eradication Rates and Confidence Intervals By Investigator:

FDA Microbiologically Bvaluable Subjects

I Levofloxacin
I

Cefaclor
I

Investigator
N“ Eradicationb N Eradication

95% Confidence

Intervalc

Gentry 14 14 (loo) 19 . 19 (loo) N/A

Taylor 10 e (80) 12 8 (67) (-58.9, 32.2)

Other 37 35 (95) 34 31 (91) (-18.2, 11.4)

Total 61 57 (93) 65 58 (89) (-15.6, 7.1)

.Results are presented for investigators with 10 or more evaluahle patients in each treatment group. ml othe:
investigators are combined under ‘other”.

%nmbers shown in Darentheaes are PerCenta9eE fOr tht C~OIY.
‘two-sided confidence intenal for the difference (cefaclor minus lavofloxacin) in microbiologi~ eradication rate.

———
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13.4. Overall Success Rates:

The overall success (clinical cure or improvement plus microbiologic eqa.dication)

rates for the FDA microbiologically evaluable patient cohort are summarized

by investigator in Table 13.3, below. The overall success rate was 92%,

for the levofloxacin-treated arm and 91% for the cefaclor-treated arm.

In all cases, the confidence interval around the difference between the

overall success rate of each treatment groups overlaps zero, indicating

statistical equivalence of the two treatments and no bias introduced into

the overall outcome by an anomalous result at the major treatment

centers.

Table 13.3

Overall Success Rates’ and Confidence Intervals By Study Center:

FDA Microbiologically AND Clinically Bvaluable Subjects
— \

Levofloxacin Cefaclor

Overall Overall 95% Confidence

Investigator P Success’ N Success
Intervald

Gentry 14 14 (100) 19 19 (100) N/A
Taylor 10 7 (70) 12 8 (67) (-51.5, 44.8)

Other 37 35 (95) 33 31 (94) (-14.4,13.1)

Total 61 56 (92) 64 58 (91) (-12.7, 10.3)

Wverall success ia defined as clinical cure or improvement with microbiologic eradication.
bResults are presanted for investigators with 10 or more ●valuable patiants in aach treatment group. M 1 other

investigators are combined under “other-.
7?umbars shown in parentheses are percentages for that category.
%to -sided confidence interval for the difference (cefaclor minus levofloxacin) in overall euccess rate.

-.

-
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13.4. Overall Success Rates:

The overall success (clinical cure or improvement plus microbiologic era~ication)

rates for the FDA microbiologically evaluable patient cohort are Summarized

by investigator in Table 13.3, below. The overall success rate was 92%,

for the levofloxacin-treated arm and 91% for the cefaclor-treated arm.

In all cases, the confidence interval around the difference between the

overall success rate of each treatment groups overlaps zero, indicating

statistical equivalence of the two treatments and no bias introduced into

the overall outcome by an anomalous result at the major treatment

centers.

Table 13.3

Overall Success Ratesa and Confidence Internals By Study Center:

FDA Microbiologically AND Clinically Bvaluable Subjects

Levofloxacin Cefaclor

Overall Overall 95% Confidence
Investigator m’ Successc N Success Intervald

Gentry 14 14 (loo) 19 19 (loo) N/A
Taylor 10 7 (70) 12 8 (67) (-51.5,44.8)
Other 37 35 (95) 33 31 (94) (-14.4, 13.1)

Total 61 56 (92) 64 58 (91) (-12.7, 10.3)
h-
Wverall success is defined as clinical cure or improvement with microbiologic eradication.
‘Results are presented for investigators with 10 or more evalueble patients in each treatmentgroup. Al1 other
investigatorsare combined under “other”.
7hmbers shown in parentheses are percentages for that cetagory.
-o- sided confidence interval for the difference (cefaclor minus levofloxecin)in overell euccess rate.

.



(. 148

-.

13.4. Overall Success Rates:

The overall success (clinical cure or improvement plus microbiologic era-dication)

rates for the FDA microbiologically evaluable patient cohort are summarized

by investigator in Table 13.3, below. The overall success rate was 92%,

for the levofloxacin-treated arm and 91% for the cefaclor-treated am.

In all cases, the confidence interval around the difference between the

overall success rate of each treatment groups overlaps zero, indicating

statistical equivalence of the two treatments and no bias introduced into

the overall outcome by an anomalous result at the major treatment

centers.

Table 13.3

Overall Success Rates” and Confidence Intervals By Study Center:

FDA Microbiologically AND Clinically Bvaluable Subjects
—

Levofloxacin Cefaclor

Overall Overall 95% Confidence
Investigator P Successe N Success Intervald

, Gentry 14 14 (loo) 19 19 (loo) N/A
Taylor 10 7 (70) 12 8 (67) (-51.5,44.8)
Other 37 35 (95) 33 31 (94) (-14.4,13.1)

Total 61 56 (92) 64 58 (91) (-12.7,10.3)
Wverall success is defined as clinical cure or improvement with microbiologic eradication.
‘Results are presented for investigators with 10 or more evaluable patients in each treatmentgroup. N 1 other
investigators are combined under “other”.
?hnabars shown in parentheses are percentages for that catagory.
%JO- sided confidence interval for the difference (cef●clor minus levoflacin) in overall success rate.

—-
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13.4. Overall Success Rates:
The overall success (clinical cure or improvement plus microbiologic eqa~ication]

rates for the FDA microbiologically evaluable patient cohort are summarized

by investigator in Table 13.3, below. The overall success rate was 92%,

for the levofloxacin-treated arm and 91% for the cefaclor-treated arm.

In all cases, the confidence interval around the difference between the

overall success rate of each treatment groups overlaps zero, indicating

statistical equivalence of the two treatments and no bias introduced into

the overall outcome by an anomalous result at the major treatment

centers.

Table 13.3

Overall Success Rates’ and Confidence Intervals By Study Center:

FDA Microbiologically AND Clinically Evaluable Subjects

Levofloxacin Cefaclor

Overall Overall 95% Confidence
Investigator I@ SuccessC N Success Intervald

Gentry 14 14 (loo) 19 19 (loo) N/A
Taylor 10 7 (70) 12 8 (67)
Other

(-51.5,44.8)
37 35 (95) 33 31 (94) (-14.4,13.1)

Total 61 56 (92) 64 58 (91) (-12.7,10.3)
b
W.eral1 successisdefinedascliuic~lcureori~provementwithmicrobiologiceradication.
bResults are presented for investigators with 10 or more evahsble patients in each treatment group.
investigatorsare combinedunder ‘other”.

All other

Thmnbers shown in parentheses are percentages for that category.
*o-sided confidence inte~al for the difference (cefaclor minus levofloxacin) in overall success rate.

.

_



14. Safety Results as per

14.1. Data Set Analyzed

149

Sponsor:

A subject was included in the safety summaries if he/she received study drug and
any postadmission data were available. Subjects were classified according to the
drug that was received. All but one of the 373 subjects enrolled were-evaluated
for safety. Of the 372 subjects, 187 received levofloxacin and 185 received
cefaclor. One subject (1912) in the cefaclor treatment group was lost to follow-
UP with no postadmission data available and therefore excluded from the safety
analysis.

14.2. Overview of Safety Data

The most frequently reported adverse events in both treatment groups occurred in
the gastrointestinal (GI) system, central and peripheral nervous system, and body
as a whole, and consisted primarily of nausea, headache, insomnia, abdominal
pain, and diarrhea. The nature and frequency of adverse events were generally
comparable across the two treatment groups, except for a higher incidence of
insomnia in the levofloxacin group (4.3%) than in the cefaclor group (1.1%) and
small differences between treatments in some specific GI events. Although not a
statistically significant difference, the incidence of central and peripheral
nervous system adverse events was greater in the levofloxacin group (9.1%) than
in the cefaclor group (5.4%); adverse events reported by levofloxacin-treated
subjects in this body system consisted primarily of headache and dizziness. The
body system with the highest reported incidence of adverse events for both
treatment groups (17.1% for levofloxacin and 15.1% for cefaclor) was the
gastrointestinal system.

Of the 16 subjects with adverse events considered marked in severity, seven
subjects were in the levofloxacin treatment group and nine subjects were in the
cefaclor treatment group. Thirteen (7.0%) levofloxacin-treated subjects and nine
(4.9%) cefaclor-treated subjects had adverse events considered by the
investigator to be drug-related, i.e., probably or definitely related to study
drug. Of the two subjects with marked drug-related adverse events, one was in the -
levofloxacin treatment group (abdominal pain) and one was in the cefaclor
treatment group @iarrhea) . Eighteen (4.8%) subjects discontinued study drug due
to adverse events, 12 (6.4%) subjects in the levofloxacin treatment group and six

(3.2%) subjects in the cefaclor treatment group. In the levofloxacin group, all
of the adverse events leading to discontinuation emerged within the first five
days of therapy; these adverse events included primarily gastrointestinal
complaints or central and peripheral nenrous system-related symptoms. Treatment-
limiting adverse events in the cefaclor. group most frequently consisted of
gastrointestiml complaints. Two subjects in the levofloxacin treatment group and
eight subjects in the cefaclor treatment group reported serious or potentially
serious adverse events, all of which were unrelated or remotely related to the
study drug and, in many cases, appeared to be related to the subject’s underlying
respiratory condition. One levofloxacin-treated subject andone cefaclor-treated
subject died approximately three wee~s after completing study therapy.
Clinically significant treatment-emergent changes in clinical laboratory tests,
physical examinations, and vital signs occurred infrequently and were coniparaMe
across treatment groups.
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14.3. Treatment-Ehergent Adverse Events

Sixty-fo& (34.2%) of 187 safety-evaluable subjects in the levofloxacin treatm&&
group and 62 (33.5%) of 185 safety-evaluable subjects in the cefacloF!Sreatment
group reported at least one treatment-emergent adverse event during the study,
including events considered by the investigator as related or unrelated to study
drug. The body system with the highest reported incidence of adverse events for
both treatment groups (17.1% for levofloxacin and 15.1% for cefaclor) was the
gastrointestinal system. The body system with the second highest reported
incidence of adverse events for the levofloxacin treatment group was central and
peripheral nervous system and for the cefaclor treatment group was body as a
whole. The incidence of adverse events in these two body systems was
approximately one-half that observed for the gastrointestinal system. The
frequency of adverse events was comparable across the two treatment groups for
all body systems with the exception of the central and peripheral nervous system
and psychiatric disorders. Although not statistically significantly different,
a higher percentage of levofloxacin-treated subjects compared with cefaclor-
treated subjects reported psychiatric and central and peripheral nervous system
adverse events. For the levofloxacin group, adverse events in these body systems
consisted primarily of headache, dizziness, and insomnia. The overall proportions
of subjects experiencing an adverse event were 34.2% and 33.5% for levofloxacin-
and cefaclor-treated subjects, respectively, with a confidence interval of [-
10.6, 9.21 for the difference between treatments. The 9s% confidence interval
included zero, indicating no statistically significant difference. Ml body
systems had confidence intervals that included zero, indicating no statistically
significant differences in frequency.

Table 14.3A
Incidence of Adverse Nents Summarized by Body System:

Subjects Bvaluable for Safety (Protoc& I?93-006)
.,

L9udi0mdn
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Althoug~ similar percentages of levofloxacin-treated and cefaclor-treated
subjects reported gastrointestinal adverse events overall, the incidence “of
specific gastrointestinal coqlaints showed small differences between -tments;
some adverse events (e.g., nausea, flatulence, and dyspepsia) were more common

in the levoflo-cin group, while others (e.g., diarrhea and abdominal pain) had
a higher incidence in the cefaclor group. In the other body systems-,-headache
and insomnia were among the most co-n adverse events with levofloxacin-treated
subjects showing a higher incidence of insomnia (4.3%) and headache (4.8%)
compared with cefaclor-treated subjects (1.1% and 3.8%, respectively) . The two
treatment groups were generally comparable with respect to the type and incidence
of other adverse events.

Table 14.3B
Incidence of Frequently Reported Adverse Events (22%)

Summarized by Primary Term: Subjects Evaluable for Safety
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The majority of adverse events were assessed as mild in severity. Seven subjects
in the levofloxacin treatment group reported one or more adverse events of marked
severity. Nine subjects in the cefaclor treatment group reported one or more
marked adverse events, including respiratory disorders (exacerbation of COPD or
respiratory insufficiency) in four subjects and diarrhea in two subjects. Most
of the marked adverse events were considered by the investigator as unrelated or
remotely related to the study drug. Of the two subjects with marked drug-related
(probably or definitely related to study drug) adverse events, one was in the
levofloxacin treatment group (abdominal pain) and one was in the cefaclor
treatment group (diarrhea). Seven of the 16 subjects with marked adverse events
discontinued study drug treatment (four subjects in the levofloxacin treatment
group and three subjects in the cefac~or treatment group). 0< these seven
subjects, the adverse event was considered serious or potentially serious in one
levofloxacin-treated subject and two cefaclor-treated subjects. Five add-itional
subjects who did not discontinue the study (all in the cefaclor group) had marked
adverse events that were considered serious or potentially serious. Thirteen
(7.0%) subjects in the levofloxacin treatment group and nine (4.9%) subjects in
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the cefaclor treatment group had adverse events considered by the investigator
to be drug-related. Drug-related adverse events reported by ~1.o% Of
levofloxacin-treated subjects were nausea (2.1%), flatulence (1.6%)”+nsomnia
(1.1%), abdominal pain S1.0% of cefaclor-treated subjects were diarrhea (2.2%),
vaginitis (1.3%), and abdominal pain (1.1%).

.-

Teble 14.3C
Subjects with Adverse Bventa of Marked Severity:

Subjects Xvaluable for Safety
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The profile of adverse events in the different sex and age subgroups was
generally comparable to that obse=ed in the study population as a whole. Given
the small number of non-Caucasians in this study, no meaningful comparisons can
be made based on race.

The majority of adverse events were assessed as mild or moderate in severity.
Eight (2.4%) subjects reported one or more adverse events of marked severity; no
marked adverse event of a specific type tis reported by more than one subject.
Pruritus and erythematous rash in one subject were considered by the investigator
to be definitely related to study drug administration and genital moniliasis in
another subject was considered probably related; none of the other markedly
severe adverse events was considered drug-related. One of the eight subjects with
marked adverse events discontinued study drug treatment due to adverse events.
In general, the profile of adverse everks in these different subgroups was
comparable to that obsened in the study population as a whole. The percentage
of subjects 65 years of age or older who reported at least one adverse ev-entwas
higher than in the overall study population (52.6% vs. 39.2%, respectively), but
the significance of the finding is unclear given the small number (N=19) of
subjects in this age subgroup.
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14.4. D~aths and Discontinuations:

No deaths occurred during the study. However, one Ievofloxacin-treated subject

~ and one cefaclor-treated 8ubject _ died approximately t=ee weeks
after completing study therapy. The investigators considered the deatha of these
subjects unrelated to study drug. Eighteen (4.8%) subjects discontinued the

study drug due to adverse events, including 12 (6.4%) subjects- in the
levofloxacin treatment group and six (3.2*) in the cefaclor treatment group. In
the levofloxacin group, all of the adverse events leading to discontinuation
emerged within the first five days of therapy; these adverse events included
primarily gastrointestinal complaints or central and peripheral nervous system-
related symptoms. Treatment-limiting adverse events in the cefaclor group most
frequently consisted of gastrointestinal complaints. The treatment-limiting
adverse event was considered serious or potentially serious in one levofloxacin-
treated subject (907-hypokalemia and vomiting) and two cefaclor-treated subjects.

-.

Tabh Z4.4.A
Subjects who Discontinued due to Adverse Events:

Subjects Evaluable for Safety
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14.5. S&ious

Two subjects in

or Potentially Serious

the levofloxacin treatment

Adverse Events

group and eight

154

subje~ in the
cefaclor treatment group reported a serious or Pot-tially serious adverse event
during or up to approximately one week after completing study therapy. In all
cases, the serious or potentially serious adverse event was considered by the
investigator to be unrelated or remotely related to the study drug, and, in many
cases, appeared to be related to the subject’s underlying respiratory condition.
Of these 10 subjects, one subject in each treatment group (levofloxacin subject
S and cefaclor subject ~ subsequently died; both deaths occurred
approximately three weeks after completion of study therapy and neither was
considered by the investigator to be related to study drug. Of the 10 subjects
with serious or potentially serious adverse events, three withdrew from the study
because of the adverse events. In addition to these serious adverse events, one
levofloxacin-treated subject ~ experienced a mild loss of consciousness
(classified as ~~coma~~in Attachments 13 and 14) on Day 3 of study therapy that

lasted a few seconds before resolving spontaneously and was considered by the
investigator to be unrelated to study therapy.

—
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14.5. D@sage Reductions and Concomitant Therapies

18 subjects had study drug therapy stopped due to adverse events, including th&e
subjects in whom the event(s) were considered serious or potentially ~ous. AI-I
additional seven subjects reported serious or potentially serious adverse events.
Several of these treatment-limiting adverse events and serious or potentially
serious adverse events required treatment with concomitant therapies, as
described in the individual narrative descriptions.

Table 14.5
Subjects who Required concomitant Therapy for Adverse Eventm:

Subjects Evaluable for Safety

Wnbl CammitiTttmpy
Lwoflonuin

~~FW s WJ c4sainm&ale
Gfacbr

T3 M Abdcdnd P8n 1 ModNuc mybta*(Jkuninun.

m F
InaWedult Silnukmd

V- 4 w aelklwc!k
s? F IGh@a 8 Muk4 ~.ide,dphmmylate

“lnd~~~daedtytb irwmigaottobpttiyuddirkuly Iducdtostudydngqfotthose
;dtimahsnubtkwdscerdnuuhna ~&ld5WiWU~9UidYSUi0i8 asduaibdrn%aiaw
IVJ.Xh-d lv.i.3c -

~RduiwtOdl? 5tutddlmpy(oayll

14.6. Clinical Laboratory

14.6.1. Overall Changes

There were no clinically
laboratory analyte in the

Tests

significant mean changes from baseline for any
levofloxacin-treated or cefaclor-treated group,

with comparable results in both groups. A Kolmogorov-Smirnov test was used
to compare the two treatment groups with respect to the cumulative
distribution of percentage change in laboratory test results from
admission to posttherapy. No statistically significant differences between
the two treatment groups were obsemed for any laboratory analyte.

14.6.2. Individual Subject Changes

The distribution of subjects with
comparable in the treatment groups
timepoints, and showed little change

14.6.3. Marked Abnormalities

low, normal, or high values was
at both pretherapy and posttherapy
from pretherapy to posttherapy.

The laboratory values were classified as markedly abnormal according to
standard criteria developed by RWJPRI, which take into account the
posttherapy value of the analyte and the change or percentage change from
admission. The incidence of markedly abnormal test results for individual
analytes within a given treatment group for subjects who had admission
data available was low (s3.2% for all analytes except lymphocyte count)
and comparable across the two treatment groups.

- —
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Table 14.6.A
Means and Mean Changes from Admimsion to Poatthorapy
Subjects 12waluable for Bafety with Data Available at

for Laboratory -Asmlytem:
Admission and Posttherapy
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Table 14.6.B
Incidence of.Treatment -emergent Markedly Mmormal Laboratory Values:

Subjects Bvaluable for Safety
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Thirty-f&r subjects (14 in the levofloxacin group and 20 in the cefaclor group)
had a total of 39 markedly abnormal test results after therapy aeart. TWO

subjects in each treatment group had markedly abnormal liver function tests

(elevations in SGOT, SGPT, or alkaline phosphatase). Eight (5.1%) subjects in

the levofloxacin group and 11 (7.2$) in the cefaclor group had lymphopan4a, which
was classified as mild (lymphocyte counts 30.59 x 10 3 /pL) for 14 of those
subjects (five levofloxacin-treated subjects and nine cefaclor-treated subjects) .
Nine subjects had abnormal glucose levels: one Ievofloxacin-treated subject and
two cefaclor-treated subjects had hyperglycemia. Of the three subjects with
hyperglycemia, one -was considered mild (<250 mg/d.L). One levofloxacin-
treated subject and five cefaclor-treated subjects had hypoglycemia, including
one levofloxacin-treated subject and two cefaclor-treated subjects whose
hypoglycemia was classified as mild (serum glucose values of 60 mg/dL or higher).
Three levofloxacin-treated subjects had hypophosphatemia (serum phosphorus level
<2.0 mg/dL) . Some abnormalities were related to the underlying disease state of
the subject.

.. ...—
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15.1,

. . Tsble 14.6.C
Subjects with Treatment-emergent Markedly tinormal

Subjects Bvaluable for Safety
Laboratory
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Medical Officer’s Conclusions from Study K90-070:

Protocol design and bplemeatation issues:
15.1.1 Protocol K90-070 has uignificant flaws in tie protocol design including:

15.1.1.1. The protocol was a completely unblinded study. This is
particularly significant in light of the fact that all of the
endpoints are clinical and, thus, subjective and subject to bias by
both (1) obsenrer/expectation bias from the invest igator and (2)
reporting/recall bias in the patient reporting the symptoms’.

15.1.1.2. The windows for clinical evaluation at both the End-of-therapy—.

4
Sackett DL. Bias in Clinical Research. ~ 32:51-63, 1979.
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and End-of-study evaluations were inappropriate to allow for a
- “ definitive test-of-cure evaluation from which could be derived-a

stable point estimate for the clinical cure rate. In thi~rotocol,
the EOT evaluation was conducted too early to assess a stable cure
rate and there were no later EOS evaluations, as recommended by the
IDSA Guidelines, to assess (1) clinical failures (early-=lapses)
resulting from partial response to study dmg or superinfection and
(2) late relapses from reinfection with the same organism or
infection with another organism.

15.1.1.3. Original windows for follow-up culture were too close to the
end of therapy to preclude suppression of regrowth by residual
antibiotic levels or post-antibiotic effect

15.1.1.4. Inadequate documentation of the patients baseline (clinical
symptoms of chronic bronchitis in the absence of acute exacerbation)
clinical status to allow for accurate asaesement of the clinical
categories of ‘cured- and ‘improved- at the posttherapy follow-up.
Since patient with chronic bronchitis are symptomatic in their
~health~ baseline status, the accurate assessment of response to
therapy is dependent on coxqarison of posttherapy s~tome with the
pattent’s baseline s~toms of chronic bronchitis in the absence of
an acute exacerbation.

15.1.2. Protocol K90-070 has significant flaws in the protocol implementation
including:
15.1.2.1. Omission of culture of persistent sinus secretions at the

follow-up visits (both 130Tand EOS), ~th overuse of the designation
of ~resumed eradication” in cases where documentation of
microbiologic outccunewas possible.

15.1.2.2. Changes in drug dosage and duration were made during the course
of the study

15.1.2.3. Changes in the days of the post-therapy follow-up evaluation
were made during the course of the study

15.1.2.4. The end-of-study evaluation was dropped from the protocol during .
the course of the study

—
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15.2. ICf:iqacy results
15.2.1. Clinical Efficacy Results

The clinical cure rate of levofloxacin was statistically e-lent to
cefaclor in Protocol K90-070. The clinical cure rate for the levofloxacin
ann was 65% (62/95), and that for the eefaclor ann was 58% (74/127), with
the 95% confidence intenal around the difference being w,,6L-20.8 to

6.8) s8t,65t- Thus, levofloxacin meets regulatory Criteria for approval for
the treatment of acute exacerbation of chronic bronchitis based on the
demonstration of statistical equivalence to an approved competitor. The
clinical cure rate in the levofloxacin arm in Protocol M92-024 was 68%

(134/196), =d, thus, was comardle to the 68* clinical cure rate in the
levofloxacin arm of Protocol K90-070.

The clinical success rate (clinically cured plus improved) of levofloxacin
was statistically equivalent to cefaclor in Protocol K90-070. The
clinical success rate for the levofloxacin arm was 9s% (93/95), and that
for the cefaclor arm was 97% (123/127), with the 95% confidence interval
around the difference being 127,95(-6.2to 4.I)w,9B* . Thus, levofloxacin
meets regulatory criteria for approval for the treatment of acute
exacerbation of chronic bronchitis based on the demonstration of
statistical equivalence to an approved competitor. The clinical success
rate in the levofloxacin arm in Protocol M92-024 was 98% (93/95), and,
thus, was comparable to the 68% clinical cure rate in the levofloxacin arm
of Protocol K90-070.

The overall success rate (clinically cured or improved plus
microbiologically eradicated) of levofloxacin was statistically equivalent
to cefaclor in Protocol K90-070. The overall success rate for the
levofloxacin arm was 92% (56/61), and that for the cefaclor arm was 91%
(58/64), with the 95% confidence interval around the difference being

(64,6112.7 to 10.3 )9I,9x. Thus, levofloxacin meets regulatory criteria for
approval for the treatment of acute exacerbation of chronic bronchitis
based on the demonstration of statistical equivalence to an approved
competitor= The overall success rate in the levofloxacin am in Protocol
M92-024 was 91% (106/116), and, thus, was comparable to the 68% clinical
cure rate in the levofloxacin arm of Protocol K90-070.

15.2.2. Microbiologic Efficacy Results
_-

Microbiologic eradication rates for levofloxacin for the pathogens
requested by the sponsor in the proposed package labeling (S. pneumonia,

H. influenza, H. parainfluenzae, M.’catarrhdis and S. aureus) are above
75% in Protocol K90-070. In fact, the microbiologic rates for the
pathogens other than S. aureus (S. pneumonia, H. influenza, H.
parainfluenzae, M. catarrhalisl are all above 88%. S. aureus, on the
other hand, had an eradication rate of 75% in this protocol. The 95%
confidence intexwal around the difference between the overall eradication
rates of levofloxacin and cefaclor overlapped zero, indicating that the
two treatments were statistically equivalent in this regard. The 95%
confidence intenal around that difference in eradication rates-for H.
influenza overlapped zero, indicating statistical equivalence for the
eradication of this organism. However, because of the low numbers of
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in~ividual isolates, the calculation of confidence intervals around the
difference in eradication rates was not possible for S. aureus, -s.

pneumonia, H. parainfluenzae, M. catarrhalis in Protoco~90-070.
Therefore, because of the small number of individual isolates in this
study, the eradication rates by individual pathogen are discussed in
conjunction with the microbiologic results from Protocol M92-02~ ~der the
Recommendations Section that follow the review of Protocol M92-024.

15.3. Issues involving microbial resistance to the quinolone antibiotics:
The use of levofloxacin for the treatment of acute exacerbation of chronic
bronchitis in the community will, in general, be empiric, thus, its coverage for
organisms in which there could be pre-existing or rapid development of resistance
may be suboptimal and may not be known with great accuracy.

15.3.1. Quinolone-resistance has been documented to occur rapidly in
Staphylococcus aureus.
Quinolone-resistance has been documented to occur rapidly in
Staphylococcus aureus, with methicillin-resistant S. aureus {MRSA)

developing resistance at a more rapid rate than methicillin-sensitive S.
aureus (MWA) . Ciprofloxacin-resistance in S. aureus is well documented,
with reports resistance developing _ therapy with these agentss. One
study su=eyed the development of ciprofloxacin-resistance in methicillin-
resistant S. aureus (MRSA) in patients treated with the antibiotic for
nonstaphylococcal infections in a VA Medical Center. These authors
reported that 79% of MRSA isolates were resistant to ciprofloxacin one
year after introduction of the drug, and 91% of MRSA isolates were
resistant to ciprofloxacin two years after introduction of the drugg.
Piercy et.al. reported development of resistance in 16% (6/37) of patients
who were being treated with ciprofloxacin for MRSA colonization and
Mulligan et.al. reported 32% (7/22) of treatment episodes were associated
with the development of ciprofloxacin-resistant MRSA during the course of
antibiotic therapy’. Resistance among methicillin-susceptible S. aureus -

(MSSA) has been less widespread than with MRSA, but has still been

5 Daum ‘l’B,Schaberg DR. Increasing resistance Qf S. mums to ciprofloxacin. ~

~ 34:1862-3, 1990; Bl*r9 ~, ~~and D, et.al. Rapid development of ciprofloxscin
resistance in Methicillin-susceptible and meth.icillizi-resistantStaphylococcus aureus.~ct QQ
163:1279-85, 1991; Mulligan MS, Ruane PJ, et.al. Ciprofloxacin for eradication of methicillin-
resistant Staphylococcus aureua colonization. ~ J ~ 82 (Suppl.4A):215-9, 1987; Piercy BA, Barbsro

Ciprofloxacin for methicillin-resistant Staphylococcus aureus infections. ~

~ 33:128-30, 1989; Scaefler S. Methicillin-resistant strains of staphylococcus aureus
resistant to the quinolones. 27:335-6, 1989; Shslit I, Berger EA. Widespread
quinolone resistance among methicillin resistant S. aureus. ~ob A
1989;

~ 33:593-4,
Isaacs AD, Kunke PJ, et.al. Ciprofloxacin resistance in epidemic methicillin-resistant S.

aureus. ~ 2:843, 1988.

6
Blumberg HP!,Rimland D. ~ect ~ 163:1279-85, 1991. —

7
Piercy EA. ~ob A~ 33:128-30, 1989; Mulligan MS, Ruane PJ, et.al. &

~ 82 (SUPP1.4A):215-9, 1987.
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reporteda.
“- ...

While the mechanism of resistance of S. aureus to quinoloiaa is not
completely understood, there are authors who suggest that the rapid
emergence of ciprofloxacin resistance in S. aureus may be due to the fact
that a single-step point mutation alone can lead to high-level res.istanceg.
For S. aureus, the frequency of alterations in DNA gpase caused by
single-step mutations increases from 1 in 102 to 1 in I& when bacteria
are exposed to concentrateions close to the minimal inhibitory
concentration. The frequency of single-step mutation to fluoroquinolone
resistance in S. aureus ranges from 1.5 x1O-5 at twice the MIC to <3.6 x
10 -12 at eight times the MIC; and high level resistance occurs with
serial exposure of bacteria to increasing concentrations of
fluoroquinolonesl”.

15.3.2. ouinolone-resistance has been documented to occur in Streptococcus
pneumonia.
The mechanism for pneumococcal resistance to the quinolones is also a one-
step point mutation (single amino acid substitution) in the DNA gyrase
leading t-high level resistanceii. Quinolone resistance to ciprofloxacin
is more prevalent than resistance to ofloxacin, with one paper in 1992
reporting 95% of pneumococcal isolates susceptible to ofloxacin and only
68% of isolates susceptible to ciprofloxacinlz. However, it should be
noted that development of resistance to antimicrobial agents is a time-
dependent phenomenon, and that ciprofloxacin has been in use longer than
ofloxacin. Data presented by the Center for Disease Controlx3 at the 35th
Interscience Conference on Antimicrobial Agents and Chemotherapy showed
that there could be significant development of resistance to ofloxacin in
the period of one year, such that the point prevalence for pneumococcal

8
Scaefler S. 27:335-6, 1989; Shalit I, Berger SA. ~ -

QWE2#Sx 33:593-4t 1989; Isaacs RD, Kunke PJ, et.al. ~ 2:843, 198S; Daum ‘1’s,Schabarg DR.
~ 34:1862-3, 1990.

‘Blumberg NM, R&nland D. ~ 163:1279-85, 1991; Oshita Y, Hiramatsu K. A point
mutation in norA gene is responsible for quinolone resistance in Stspbylococcus aureus. ~

~ 172:1028-34, 1990; yoshi~ H, B09~i M, et.al. ~cleotidg Sewence ~d
characterizationof the StaphylococcusnorA gene, which confers resiatence to the quinolones. J
~ 172:6942-9, 1990; Neu HC. Bacterial resistance to the fluoroquinolones.
10(SUPP1.l):57-63, 1988; Sreedharan S, Oram U. DNA gyrase gyrA mutations in ciprofloxacin-resistant
strains of S. aureus: close similarity with quinolone resistant mutations in E. coli. ~
172:7260-2, 1990.

10
Blumberg NM, Rimland D. ~ 163:1279-8S, 1991.

11
Piddock LIV, Wise R. The selection and frequency of atreptococcl with decreased

susceptibility to ofloxscin and the other quinolones. ~ 22(suppl C):45-51, 1988.

1?30nesRN, Re le1 r LB, Rosati IA.
from a Multicenter, National Comparative
15:42S-34, 1992.

13Butler JC, Hofman J, Elliot JA,
CA, September 17-20, 1995.

Ofkxacin, a new Broad Spectrum Fluoroquinolone: Results
Activity Sunfeillance Study.

—

et.al.Late breakingabstract.3Sth ICAAC, San Francisco,
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intermediate resistance to ofloxacin was I% in 1993 and 9.5% in 1994.
How&er, it should be noted that there was no absolute resistance detected
in this study. -—

Pharmacokinetic/pharmacodynamic data have been used to attempt to predict
the clinical efficacy of antimicrobial agents against. Specific
microorganisms. In the case of the quinolone antimicrobial, the
inhibitory quotient, defined as the AUC/MIC ratio (the ratio of the Area

Under the Concentration-time Curve (AUC) of the antibiotic to the minimum
inhibitory concentration (MIC) of the S. pneumonia isolate) has been
shown to be predictive of clinical efficacy, with an AUC/MIC value of 40

being the breakpoint for S. pneumonai&4. Levofloxacin, being the active
isomer of ofloxacin, achieves higher blood level of the active isomer, and

thus has a better inhibitory quotient for S. pneumonaie, as described in
the table below. However, it should be noted that the MIC90 of some
strains of S. pneumonaie is now 24 mcg/mL for both ciprofloxacin and
ofloxacin. At this higher MIC, the inhibitory quotient for levofloxacin
falls below the breakpoint of 40. Thus , the margin for coverage of
organisms with even a marginal drift in MIC afforded even by the higher
blood leve&s of levofloxacin is borderline.

It should be noted that all these calculations are theoretical based on
the pharmacokinetic/pharmacodynamic data of these compounds. For
ofloxacin, there remains a discrepancy between the theoretically
inadequate inhibitory quotient and the clinical efficacy, with the
clinical efficacy being better than would be predicted by the marginal
inhibitory quotient against S. pneumonaie.

Table 15.3.A
Inhibitory quotients aigaixistStreptococcus gmeumonaie for several of the

Fluoroquinolone Antibiotics: Calculated for MICS of 2 mcg/mL and 4 mcg/mL

14
Dr. David C. Hooper . Presented at the 35th ICAAC, San Francisco, CA, September, 1995.
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Recommendations for the use of levofloxacin in the treatment of

acute exacerbation of chronic bronchitis: .-

The recommendations derived from the review of Protocol K90-070 are discussed in
conjunction with the recommendations derived from review of Protocol M92-024.
This discussion follows Section 1s. Conclusions. of the Medical Officer’s Review
of Protocol M92-024.

—
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Medical”Clfficer’s Review of NDA 20-634

Elequin o (levofloxacin tablets) Tablets

Indication: Acute Exacerbation of Chronic Bronchitis

Protocol: K92-024

Study Title: A

compare the safety

for 5-7 days) with

treatment of acute

Study dates: DATE

DATE

.-

multicenter, randomized, open-label study to

and efficacy of oral levofloxacin (500mg PO QD

cefuroxime (250mg PO BID for 7-10 days) in the

exacerbation of chronic bronchitis in adults

STUDY INITIATED: August 31, 1993

STUDY COMPLETED: May 16, 1994

1. Study Objective:

The objective of this study was to compare the safety and efficacy of 500 mg
levofloxacin administered orally once daily for five to seven days with that of
250 mg cefuroxime axetil administered orally twice daily for 10 days in the
treatment of acute bacterial exacerbation of chronic bronchitis due to
susceptible organisms in adult outpatients.

2. Protocol design:

This was a randomized, open-label, active-control, multicenter study designed to
evaluate levofloxacin in the treatment of acute bacterial exacerbation of chronic
bronchitis. This study was conducted in the United States. Approximately 400
adult subjects were to be enrolled to ensure clinically evaluable data from a
minimum of 294 subjects (147 subjects per treatment group). Enrollment continued .
until sufficient numbers of evaluable subjects with infections due to important
pathogens were entered.

Subjects were assigned randomly to receive either 500 mg levofloxacin orally once
daily for five to seven days or 250 mg cefuroxime axetil orally twice daily for
10 &ys. A computer-generated schedule was prepared by the R: w. Johnson
Pharmaceutical Research Institute (RWJPRI) and supplied to each investigator. The
schedule was generated using random permuted blocks of four and stratified by
study center to assign subjects in equal numbers to receive either levofloxacin
or cefuroxime axetil on an open-label basis. Subjects received an identification
number in consecutive order of study entry.

For subjects meeting the entry criteria, admission (baseline) evaluations
included a pertinent medical history (including chest X-ray) and physical
examination (including vital sign measurements and Chest examination);

respiratory specimen for culture, gram stain, and susceptibility testing; blood
cultures (two per subject if bacteremia suspected); samples for hematology, blood
chemistry, urinalysis, and, if indicated, theophylline levels; and pregnancy test
for women of childbearing potential. Between Days 3 and 5 of study drug
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Medical”~fficer’s Review of NDA 20-634
Elequin o (levofloxacin tablets) Tablets

Indication: Acute Exacerbation of Chronic Bronchitis
.-

Protocol: K92-024

Study Title: A multicenter, randomized, open-label study to

compare the safety and efficacy of oral levofloxacin (500mg PO QD

for 5-7 days) with cefuroxime (250mg PO BID for 7-10 days) in the

treatment of acute exacerbation of chronic bronchitis in adults

Study dates: DATE STUDY INITIATED: August 31, 1993

DATE STUDY COMPLETED: May 16, 1994

1. Study Objective:

The objective of this study was to compare the safety and efficacy of 500 mg
levofloxacin administered orally once daily for five to seven days with that of
250 mg cefuroxime axetil administered orally twice daily for 10 days in the
treatment of acute bacterial exacerbation of chronic bronchitis due to

susceptible organisms in adult outpatients.

2. Protocol design:

This was a randomized, open-label, active-control, multicenter study designed to

evaluate levofloxacin in the treatment of acute bacterial exacerbation of chronic
bronchitis. This study was conducted in the United States. Approximately 400
adult subjects were to be enrolled to ensure clinically evaluable data from a
minimum of 294 subjects (147 subjects per treatment group) . Enrollment continued .
until sufficient numbers of evaluable subjects with infections due to important
pathogens were en-tered.

Subjects were assigned randomly to receive either 500 mg levofloxacin orally once
daily for five to seven days or 250 mg cefuroxime axetil orally twice daily for
10 days. A computer-generated schedule was prepared by the R: W. Johnson
Pharmaceutical Research Institute (RWJPRI) and supplied to each investigator. The
schedule was generated using random permuted blocks of four and stratified by
study center to assign subjects in equal numbers to receive either levofloxacin
or cefuroxime axetil on an open-label basis. Subjects received an identification

number in consecutive order of study entry.

For subjects meeting the entry criteria, admission (baseline) evaluations
included a pertinent medical history (including chest X-ray) and physical
examination (including vital sign measurements and chest examination);

respiratory specimen for culture, gram stain, and susceptibility testing; blood

cultures (two per subject if bacteremia suspected) ; samples for hematology, blood

chemistry, urinalysis, and, if indicated, theophylline levels; and pregnancy test

for women of childbearing potential. Between Days 3 and 5 of study drug
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Medical-officer’s Review of NDA 20-634

Elequin o (levofloxacin tablets) Tablets

Indication: Acute Exacerbation of Chronic Bronchitis
. -.
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compare the safety

for 5-7 days) with

treatment of acute

Study dates: DATE

DATE
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multicenter, randomized, open-label study to

and efficacy of oral levofloxacin (500mg PO QD

cefuroxime (250mg PO BID for 7-10 days) in the

exacerbation of chronic bronchitis in adults

STUDY INITIATED: August 31, 1993

STUDY COMPLETED: May 16, 1994

The objective of this study was to compare the safety and efficacy of 500 mg
levofloxacin administered orally once daily for five to seven days with that of
250 mg cefuroxime axetil administered orally twice daily for 10 days in the
treatment of acute bacterial exacerbation of chronic bronchitis due to
susceptible organisms in adult outpatients.

2. Protocol design:

This was a randomized, open-label, active-control, multicenter study designed to
evaluate levofloxacin in the treatment of acute bacterial exacerbation of chronic
bronchitis. This study was conducted in the United States. Approximately 400
adult subjects were to be enrolled to ensure clinically evaluable data from a
minimum of 294 subjects (147 subjects per treatment group) . Enrollment continued .
until sufficient numbers of evaluable subjects with infections due to important
pathogens were en_tered.

Subjects were assigned randomly to receive either 500 mg levofloxacin orally once
daily for five to seven days or 250 mg cefuroxime axetil orally twice daily for
10 days. A computer-generated schedule was prepared by the R. W. Johnson
Pharmaceutical Research Institute (RWJPRI) and supplied to each investigator. The
schedule was generated using random permuted blocks of four and stratified by
study center to assign subjects in equal numbers to receive either levofloxacin
or cefuroxime axetil on an open-label basis. Subjects received an identification
number in consecutive order of study entry.

For subjects meeting the entry criteria, admission (baseline) evaluations
included a pertinent medical history (including chest X-ray) and physical
examination (including vital sign measurements and chest examination);
respiratory specimen for culture, gram stain, and susceptibility testingi blood
cultures (two per subject if bacteremia suspected); samples for hematol~, blo~
chemistry, urinalysis, and, if indicated, theophylline levels; and pregnancy test
for women of childbearing potential. Between Days 3 and 5 of study drug
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administration, subjects retuxned for a scheduled on-study visit and were
examined for overall clinical progress. Subjects were allowed to re~in in the
study in the absence of recovery of an admission pathogen, or if the pathogen(s)
isolated at admission were resistant to,either study drug, as long as in the
opinion of the investigator, there had been no deterioration in clinical status.
Subjects were examined for overall clinical progress. TWO blood Cukwres were

obtained for subjects who were bacteremic at admission. Efficacy evaluations
included assessments of clinical signs and symptoms, clinical response (assessed
as cured, improved, failed, or unable to evaluate) and microbiologic eradication
rates (assessed as eradicated, persisted, or unknown) . Clinical symptoms were
recorded as present or absent after completion of therapy (five to seven days
posttherapy). Clinical signs of bronchitis obtained from a chest examination were
graded by the investigator as none, mild, moderate, or severe after completion
of therapy (five to seven days posttherapy) . Clinical response was assessed by
the investigator at the final visit, five to seven days after the end of therapy.
Microbiological response was assessed by RWJPRI by evaluating the culture results
from the final visit, five to seven days after the end of therapy. Safety

evaluations included the incidence of treatment-emergent adverse events;
laboratory tests of hematology, blood chemistry, and urinalysis; and physical
examinations inZluding vital sign measurements. Theophylline levels were
monitored during the study, if indicated. Criteria were added to clarify the
provisions for enrollment of subjects failing previous antimicrobial therapy and
the exclusion criteria regarding subjects with seizure disorders or unstable
psychiatric conditions. In addition, the definition of clinical response of
“improved” was modified to clarify that subjects who required additional nonstudy
antimicrobial therapy at the posttherapy visit could not be considered clinically
improved; the definition of “unable to evaluate” was also clarified. The MIC and
inhibition zone criteria for susceptibility of H. influenza were also specified.
Several changes in evaluability criteria for the efficacy analysis were also

made: (I) deletion of resistance to study drug as a criterion for classifying a
subject as clinically or microbiologically unevaluable; (ii) specification that
subjects with clinical failure receiving greater than 48 hours but less than five
days of therapy could be considered evaluable; (iii) requirement that

bacteriologic culures be obtained between 1-10 days posttherapy (PT) rather than

2-10 days PT for subjects to be evaluable; (iv) omission of plans for efficacy

summaries by severity of infection; and (v) omission of the provisions that
subjects who had taken study drug for more than 20 days or who failed to meet
specific entrance criteria would be excluded from the efficacy analysis. The
second amendment to the protocol on July 14, 1994 clarified the minimum duration

of therapy for levofloxacin as four days and cefuroxime axetil as five days for
analysis of microbiologic response.

3. Diagnostic criteria:

The primary diagnosis of acute exacerbation of chronic bronchitis was defined by

clinical and radiographic signs and symptoms of acute bacterial exacerbation of
chronic bronchitis:

3.X: Clinical: Subjects with a diagnosis of acute bacterial exacerbation d
chronic bronchitis, as evidenced by ●ll of tha following:
● history of chronic obstructive pulmonary disease (chronic

bronchitis end/or emphysema)

● recent increase in cough
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. change in character and/or increase in production of sputum“.
● physical findings consistent with a diagnosis of acute bacterial ---

exacerbation of chronic bronchitis.
3.2. RsdiograpMc: Absence of acute infiltrates on the admission chest~ray

obtained within 12 hours prior to study antry.

4. Inclusion and exclusion criteria: .-

Inclusion/exclusion criteria were as elaborated below. There was no
microbiologic evaluation incorporated into the study, thus only clinical and
radiologic criteria were incorporated into the inclusion/exclusion criteria.

4.1. Inclusion criteria:

4.1.1. Inclusion criteria as per original study protocol:

Subjects may be included in the study if they satisfy the following:

1. Age: 18 or older

2. Sex: male or female

3. AU subjects will be appropriate candidates for oral therapy. Patients in nursing
homes may be enrolled if they are ambulatory and are able to carry out the
activities of daily life.

4. Subjects+ith a diagnosis of acute bacterial exacerbation of chronic bronchitis,
as evidenced by all of the following:
● history of chronic obstructive pulmonary disease (chronic bronchitis end/or

emphysema)
● recent increase in cough
● change in character end/or increase in production of sputum ● physical

findings consistent with a diagnosis of acute bacterial exacerbation
of chronic bronchitis.

AIIappropriate sputum specimen must be available for entry into the study.
5. If female, the subject must

● be post-menopausal for at least one year, or
● have bad a hysterectomy, or
● have had a tubal ligation, or
● have taken oral contraceptives for at least one month prior to study entry,

or agree to use spermicide and barrier methods during the study, or
. use snother acceptable method of contraception and agree to continue with

the same method during the study.
If female and of childbearing potential, the subject must have
● had_a normal menstrual flow within one month prior to study entry, end
● a negative pregnancy test (serum b-subunit hCG) inunediatelyprior to entry.

If obtaining the se- pregnancy test result would cause a delay in treatment, a
subject may be entered on the basis of a negativeurine pregnancytest sensitive to
at least 50 m2U/mL, pending results of the serum pregnancy test. Subsequently, if the
result of the serum test is positive, the subject must be discontinued fran the study
end followed as indicated.
6. Completion of the confidential follow-up form
7. Reading end signing of the informed consent (and California Bill of Rights, if

applicable) after the nature of the study has been fully explained.

4.1.2. Inclusion criteria as per amended study protocol dated

March 9, 1994:

1. Age: 18 or older
2. Sex: male or female
3. Xll subjects will be appropriate candidates for oral therapy. Patients in nursing

homes may be enrolled if they are ambulatory and are able to carry out the
activities of daily life.

4. Subjects with a diagnosis of acute bacterial exacerbation of chronic bronchitis,
as evidenced by all of the following:
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● history of chronic
“-

emphysema)
obstructive pulmonary disease (chronic bronchitis snd/or

...

● recent increase in cough .

. change in character and/or hcrease in production of sputum
-—

● physical findings consistent with a diagnosis of acute bacterial
exacerbation of chronic bronchitis.

An appropriate sputum specimen must be available for entry into the mtudy.
5. Subjactm who have received prmvious sotimicrohial therapy my ha emrollod fS~

● previous therapy duration is 24 hours or loam
● Previous tieraPY durat%on im greater than 24 bars, but mubjmct did not

*rove or ●tsbilixm on that therapy
6. If female, the subject must

be post-menopausal for at least one year, or
have had a hysterectomy, or
have had a tubal ligation, or
have taken oral contraceptives for at least one month prior to study entry,

or agree to use spermicide and barrier methods during the study, or
use another acceptable method of contraception and agree to

concinue with the same method during the study.
If female and of childbearing potential, the subject must have

● had a normal menstrual flow within one month prior to study entry, and
● a negative pregnancy test (serum b-subunit hCG) immediately prior to entry.

If obtaining the serum pregnancy test result would cause a delay in treatment, a
subject may be entered on the baais of a negative urine pregnancy test sensitive to
at least 50 m~/mL, pending results of the serum PreVcy test. SubseWentlY, if the
result of the serum test is positive, the subject must be discontinued from the study
and followed as indicated.
7. Completion of the confidential follow-up form
8. Reading and signing of the informed consent (and California Bill of Rights, if

applicable) after the nature of the study has been fully explained.

4.1.3. Inclusion criteria as per amended study protocol dated

July 14, 1994:

Inclusion criteria were unchanged from March 9, 1994 protocol amendment
reviewed under Section 4.1.2, above.

—
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4.2. Ex&lusion criteria:

4.2.1. Exclusion criteria as per original study
.
protocol :

Subjects with any of the following criteria will not be

eligible for admission into the study: .-

1. Severity of illness requiring parenteral antimicrobial therapy
2. Subjects with an infection due to organisms known to be reaiatant to the study

dag prior to study entry
3. Previous allergic or serious adverse reaction to levofloxacin or any other members

of the guinolone or beta-lactam classes of Sntimicrobials
4. Calculated creatinine clearance less than or equal to 50 mL/min
5. Diagnosis of acute bronchitis, pneumonia (ss evidenced by acute infiltrates on the

admission chest x-ray obtained within 12 hours prior to study entry) , or
cystic fibrosis

6. Requirement of a second systemic antimicrobial agent
7. Effective systemic antimicrobial therapy within 48 hours prior to admiasion

E. Use of an investigational agent within 30 days prior to admisaion

9. Pregnancy or a nursing mother
10. Previous treatment under this protocol
11. Any disorder or disease that may interfere with the evaluation of the study drugs
12. ?iistaryqf seizure disorder or condition requiring the administration of major

tranquilizers.
Raasons why any subjects wore not enrolled must be documented on the Potential

Subject Roster.

4.2.2. Exclusion criteria as per amended study protocol dated

March 9, 1994:

Subjects with any of the following criteria will not be

eligible for admission into the study:

1. Severity of illness requiring parenteral antimicrobial therapy
2. Subjects with an infection due to organisms known to be resistant to the study

drug prior to study entry
3. Previous allergic or serious adverse reaction to hvofloxscin or any other members

of the quinolone or beta-lactam classes of antimicrobial
4. Calculated+reatinine clearance less than or equal to 50 mL/min
5. Diagnosis of acute bronchitis, pneumonia (aa evidenced by acute infiltrates on the

admission chest x-ray obtained within 12 hours prior to study entry), or
cystic fibrosis

6. Requirement of a second systemic antimicrobial agent
[7. Effective systemic antimicrobial therapywithin 48 hours prior to admission]
7. Use of an investigational agent within 30 days prior to admisaion
8. Pregnancy or a nursing mother
9. Previous treatment under this protocol
10. Any disorder or diseaae that may interfere with the evaluation of the study drugs
11. History Presence of seizure disorder or condition requiring the adminlatration

of major tranquilizers.
12. Vnstsble psychiatric conditions.

4.2.3. Exclusion criteria as per amended study protocol dated

July 14, 1994:

Subjects with any of the following criteria will not be

eligible for admission into the study: —
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1.
2.

3.

4.
5.

6.

Severity of illness requiring parenteral antimicrobial therapy
Subjects with an infection due to organisms Imown to be resistant to the study ---

drug prior to study entry .

previous allergic or serious ●dverse reaction to levofloxacin or any other ~—rs
of the quinolone or beta-lactem classes of entimicrobials

Calculated creatinine clearance less then or equal to 50 mL/min
Diagnoeie of acute bronchitis, pneummia (ss evidenced by acute infiltrates ~-tie

admission chest x-ray obtained within 12 hours prior to study entry) , or
cystic fibrosis

Requirement of a second systemic antimicrobial agent
[7. Effective systemic Mtkcrohial therapy within-48 hours prior to admission]
7. Uee of en investigational agent within 30 days pr%or to admission
8. Pregnancy or a nursing mother
9. Previous treatmentunder this protocol
10. My disorder or disease that may interfere with the evaluation of the study drugs
11. [History] Presence of seizure disorder for -dition requiring the administration

of major tranquilizers.]
12. Unstable psychiatric conditions.

5. Concomitant use of medications and other antimicrobial agents:

The use of other medications during the study was to be kept to a minimum.
Administration of nonstudy systemic antimicrobial was prohibited and aluminum-
magnesium based ‘antacids (e.g., Maalox” ) and mineral supplements or vitamins
with iron or minerals were strongly discouraged because they might decrease the
bioavailability of levofloxacin. However, if administration of an antacid was
necessary, it was to be administered at least two hours before or after
levofloxacin administration. If the administration of any other medication was
required, it was reported on the subject’s CRF.

6. Efficacy Criteria per Sponsor:

Efficacy evaluations included evaluation of clinical signs end symptoms, clinical
response rates (assessed as cured, improved, failed, or unable to evaluate) and
microbiologic eradication rates by pathogen and infection (assessed as
eradicated, persisted, or unknown) . Clinical response in the group of subjects
evaluable for clinical efficacy (represented the primary efficacy variable for -

this study. Microbiologic response was a secondary efficacy variable and was
based primarily on the group of subjects evaluable for microbiologic efficacy.
Safety evaluations included the incidence of treatment-emergent adverse events;
laboratory tests of hematology, blood chemistry, and urinalysis; and physical
examinations including vital signs. —

6.1. Clinical Efficacy Evaluations:

6.1.1. Clinical Signs and Symptoms:

Clinical symptoms of acute bacterial exacerbation of chronic bronchitis,
including chills, chest pain, shortness of breath, increased cough, sputum
increase, and purulent sputum, were indicated by the investigator as
present or absent at admission and at the posttherapy visit five to seven
days after the end of therapy. Clinical signs of bronchitis obtained from
a chest examination (diminished breath sounds, rales, rhonchi, and
wheezes) were graded by the investigator as none, mild, moderate, or
severe at admission and at the posttherapy visit five to seven days after
the end of therapy.
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6.1.2. ~linical Response Rating:
At the posttherapy visit five to seven days after the end of therapy, the
investigator assessed clinical response as cured, improved, =xled, or
unable to evaluate. The definitions for these assessments are as follows:

cur.: Resolution of aiSIISand aymptoma aaaociated with active infection. - -
~roved: Incomplete resolutionof sigw and eymptane andno additional antimicrobial

therapy required.
Failure: No reaponee to therapy.
unable to ●valuate: Not able to evaluate because subject lost to follow-up.

6.2. Microbiologic Efficacy Evaluations:

6.2.1. Specimen Collection:

6.2.1.1. Respiratory Secretions:

Specimens were obtained from respiratory secretions including deep
expectorated or suctioned sputum, transtracheal aspirates, bronchial
brushings, biopsies, or washings. Respiratory specimens were collected
within 48 hours prior to admission for culture, Gram stain, and

susceptibility tests. If the subject could produce sputum, specimens were

obtained at the posttherapy visit (five to seven days posttherapy) for

culture, susceptibility testing, or Gram stain.

6.2.1.2. Blood Culture

Blood cultures were obtained at admission if associated bacteremia was
suspected. Cultures were repeated at later time points if bacteremia was
found at admission.

6.2.1.3.Serology

Prior to the first amendment, serology studies for IVycoplasma pneumonia,

LegionelZa pneumophila, and Chlamydia pneumonia were perfoxmed at
admission for all subjects. A four-fold rise or fall in titer of
antibodies from admission to posttherapy or a single diagnostic titer was -
considered evidence of an infection.

6.2.2. Susceptibility Testing:

Susceptibility to levofloxacin and cefuroxime axetil was determined for
all pathogens at admission and, if indicated, at five to seven days
posttherapy. The MIC susceptibility was the primary slisceptibility
criterion. If the MIC values were not available, discs were used to
determine susceptibility. Disc susceptibility testing was performed in
accordance with the National Committee for Clinical Laboratory Standards
(NCCLS) methods using 5 pg levofloxacin discs provided by RWJPRI for
levofloxacin susceptibility and cefuroxime axetil discs provided by the
study center for cefuroxime axetil susceptibility.

6.3. Primary and Secondary Efficacy variables:

6.3.1. Clinical Response:

The primary efficacy variable was clinical response, assessed-by the—-
investigator as cured, improved, failed, or unable to evaluate at the
final visit five to seven days after the end of therapy. The clinical
cure rate was evaluated by determining the percentage of clinically
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evaluable subjects
on ‘the percentage
improved.

who were cured
of clinically

and the clinical success rate was based
evaluable subjects who were cured ‘or

6.3.2 Microbiologic Response:

Microbiologic response to treatment was evaluated by RWJPRI in terns of
pathogen end infection eradication rates. The microbiologic response for
pathogens isolated at admission was determined by evaluating the
posttherapy/withdrawal culture results. A culture or evaluation was
considered valid if the subject was not receiving any effective
concomitant treatment.The microbiologic response for the subject’s
infection was based on eradication of all the pathogens isolated at
admission as follows:

Xradicatmd: Eradication of the admission pathogen as evidenced by no
isolation of the pathogen in a valid pomttherapy/early termination

culture. If clinical imprmement occurs such that no sputum is

produced and invasive procedures for culture are contraindicated, then

the pathogen is considered eradicated.

Pmrsistad: Persistence of the admission pathogen as evidenced by isolation of
the pathogen in the posttherapy/early termination culture. If a

subject was discontinued due to clinical failure and persistence of
– the admission pathogen was not confirmed by culture results the

pathogen was presumed to persist.
Persimted with Acquisition of Resistance: Persistence of the admission

pathogen as evidenced by isolation of the pathogen in the
posttherapy/early termination culture with documented acquisition of
resistance.

Unknown: No posttherapy/early termination culture resulta available due to
lost-to-follow-up, lost culture, or culture not done when specimen was
available. If culture was performed on last day of therapy and subject
was not a clinical failure or culture done while subject was receiving
●ffective antimicrobial agent for reasons other than clinical failure,
the response was unknown.

6.4. Clinical Laboratory Tests

The following standard clinical laboratory evaluations were performed
dosing (admission) and at the posttherapy visit. A central laboratory

was used.

Emtology: hemoglobin, hematocrit, white blood cell (WBC) count and
differential, red blood cell (SEC) count, and platelet count.

Blood Cbamistry: glucose, blood urea nitrogen (BUN), total bilirubin, total
protein, albumin, uric acid, alkaline phosphataae, serum glutamic
oxaloacetic transaminase (SGOT), serum glutamic pyruvic trensaminase
(SGPT), lacticdehydrogenase,UaH), creatinine,calcium,inorganic
phosphorus, sodium, potassium, chloride, and bicarbonate.

Uriaalysim: pH, specific gravity, and microscopic examination for red blood
cells, white blood cells, and nonamorphous crystals.

before -

7. Schedule and procedures for evaluation of efficacy criteria:

7.1. Clinical Response Rating at Posttherapy (End-of-Therapy/EOT)

Evaluation (Five to Seven Days After Completion of Therapy):

7.1.1. The clinical response at posttherapy was assessed as cured,

improved, relapse, or unable to evaluate. The definitions for these

assessments are as follows:

——
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“- cured - Disappearance of aigna and symptom with radiographic
widence of stabilization/improvementat the posttherapy visit .
with no further therapy required.

~rovad - Incomplete resolution of signs and aymptoma or inco@7@’iete
resolution of radiographic aigna of acute bacterial
exacerbation of chronic bronchitis and no further therapy
required.

Failad - No cl~nical reaponae to therapy or worsening o? ‘the
radiographic widence of infection.

-10 to Evaluata - Subject did not return for follow-up ●valuation.

7.1.2. Radiographic examinations were to be repeated at the
posttherapy evaluation for subjects with suspected relapse. The main

findings from the radiographic tests were also described.

7.1.3. Microbiologic evaluations were performed on patients with

suspected failure or relapse only as felt to be indicated by the
investigator.

7.2. Clinical Response Rating at Post-study (End-of-Study/EOS)
—

Evaluation (Z8 to 32 Days After Completion of Therapy) :

7.2.1. The clinical response at poststudy was assessed as cured,
improved, relapse, or unable to evaluate. The definitions for these
assessments are as follows:

Cured - Complete resolution of aigna and aymptoma.
Iz@rwed- Continued incomplete resolution of aigna and aymptoma with

no deterioration or relapae during the follow-up period and no
further therapy required.

Relapae - Resolution or improvement of aigna and symptoms at
poattherapy viait but reappearance or deterioration of aigna
and aymptoma of the infection at Poatatudy visit.

Unable to ltvaluzte- No Poatatudy evaluation.

7.2.2. Radiographic examinations were to be repeated at the -

poststudy evaluation for subjects with suspected relapse. The main
findings f~om the radiographic tests were also described.

7.2.3. Microbiologic evaluations were performed on patients with

suspected failure or relapse only as felt to be indicated by the
investigator.

8. Safety Evaluation:

Adverse events were defined as treatment-emergent signs and symptoms, i.e.,
events that were not present at admission or events that represented an increase
in severity or frequency of a sign or symptom already present at admission.
Subjects were instructed to record on diary cards how they were feeling on each
day of the study. These diary cards were reviewed by the investigator during
study visits with the subject and any treatment-emergent adverse vents noted on
the diary cards were transcribed onto the case report forms RWJPRI study and
medical monitors also reviewed these diary cards for treatment-emergent ‘adverse
events. Each subject was also assessed at each visit for possible adverse events
that might have occurred throughout the study period. The investigator recorded
all adverse events on the CRFs and graded their severity as mild, moderate, or
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marked. ~e. investigator also assessed the relationship of the adverse event to
trial treatment using the following ratings: none, remote, possible, probable,
or definite. Other information recorded on the subject’s CRF include~he date
of onset of the event, control measures taken (i.e., discontinuation of study
drug, or administration of remedial therapy), the outcome (resolved, persisted,
or unknown), and the date of resolution of the event. Serious adverse events were
defined as those events that presented a significant threat to the well-being of
the subject. Serious adverse events included any event that was fatal, life-

threatening, permanently or significantly disabling, required hospitalization or
prolonged hospitalization, resulted in long-term outpatient treatment (greater
than six months), or was a congenital anomaly, cancer, or overdose. Investigators
were instructed to report all serious adverse events immediately to RWJPRI. A
5 cc venous blood sample for determination of plasma levofloxacin concentration
was to be obtained at the time of
practical limitations, these blood
planned.

9. Evaluability Criteria:

9.1. Evaluability criteria as

a serious adverse event. However, due to
samples were not consistently obtained as

per Sponsor:
.

9.1.1. Evalu&ility criteria as outlined

dated February 19, 1993:
1. Safety Analysis

To be evaluable for the safety analysis, a subject must
must relay safety information.
2. Efficacv Analvsim

in Original Protocol

take the study medication end

A subject will be evaluable for microbiological efficacy unless categorized into one
of the following groups:

Additionally,
diagnosis was

a. Unevaluable for safety
b. Infection not bacteriologically proven. NO pathogen identified in the

admission respiratory or blood cultures.
c. Resistant to study drug. Admission pathogen is resistant t-othe assigned

drug
d. Insufficient course of therapy. Subject does not take the study drug for

at least five days. Subjects who take study drug for less than five
days because they are judged a clinical failure by the investigator
are evaluable.

e. Ef3?ective concomitant therapy. Subject takes an effective systemic
antimicrobial agent between time of admisaion culture (within 48 hours
prior to start of therapy) through test-of cure culture (post-
therapy). If the subject takes an effective eystemSc antimicrobial
because they have been judged a clinical failure by the investigator,
they are evaluable.

f. Inappropriate bacteriologic cultures
1) AdMiSSiOn culture is greater than 48 hours prior to the start of

therapy
.2) Post-therapy culture is not between 2-10 days post-therapy. If the

subject is discontinued due to a persistent pathogen or
clinical failure and the post-therapy culture is obtained on
the last day of therapy, the subject is considered evaluable.

3) Adequate microbiological data is not available
g. Lost to follow-up but relays safety information
h. Other protocol violation, e.g.,

1) Subject fails specific entrance criteria
2) Subject re-enters study
3) Subject does not take at least 70% of assigned study drug -
4) Subject takes study drug for more than 20 days (unless due to a
persistent pathogen)

a subject will be evaluable for clinical efficacy, unless the clinical
unconfirmed or the subject was classified by categories a, d, e, g, and~or h, above.



9.1.2. Evaluability criteria as outlined in Protocol

d&k6d March 9, 1994:
The evaluability criteria were changed from those in the

Amendment

ori”g~al
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#1

protocol by the following deletions (shown in brackets)- and
additions (shown in bold font) :

.-

1. SafatyAndyaiu
To be ewluable for the safety analysis, a subject must take the study medication and
must relay safety information.
2. Efficacy Analyaia
A subject will be evaluable for microbiological efficacy unless categorized into one

of the following groups:
a. Vnevaluable for safety
b. Infection not bacteriologically proven.No pathogen identified in the admiasion

respiratory or blood cultures.
[Deletion: C. Resistant to study drug. Admission pathogen is resistant to the assigned
c. Insufficient course of therapy. Subject does not take the study drug for at least

five days. Subjects who take study drug for [ Deletion: less than five days
because they are judged a clinical failure by the investigator are ●valuablel
greater than 48 hours but for leas than S daya because they ● re judged a
clinical failure by the investigator are evaluable. The pathogen(s) is(are)
presumed to persist in these situations.

d. Effectiv~ concomitant therapy. Subject takes an effective systemic antimicrobial

drug]

agent
between time of admission culture (within 48 hours prior to start of therapy) thrkugh
test-of-cure culture (post-therapy). If the subject takes an effective systemic
antimicrobial because they have been judged a clinical failure by the investigator,
they are evaluable.

e. Inappropriate bacteriologic cultures
1) Admission culture is greater than 48 hours prior to the start of therapy
2) Peat-therapy culture/evaluation is not between 21-10 days peat-therapy. If the

subject is discontinued due to a persistent pathogen or clinical failure and
the post-therapy culture is obtained on the last day of therapy, the subject
is considered evaluable.

3) Adequate microbiological data is not available
f. Lost to follow-up but relays safety information
g. Other protocol violation, e.g.,

[Deletion: 2) Subject fails specific entrance criteria]
1) Subject re-enters study
2) subject does not take at least 704 of assigned study drug
[4) subject takes stuw drug for more than 20 days (unless due to a
persistent pathogen)]

Med.lcalOfficer*a ~t: tiotethat the inclusion criteria and exclusion criteria ware r~ d form
tha evaluability criteria by this protocol amendment.

9.1.3. Evaluability criteria as outlined in Protocol I&endment #2

dated July 14, 1994:

The evaluability criteria were changed from those in Protocol
Amendment #1 by- the following
additions (shown in bold font) :
1. Safety Analyais
To be evaluable for the safety analysis,
must relay safety information.
2. Efficacv &alYsis

deletions (shown in brackets) and

a subject must take the study medication and

A subject will be evaluable for microbiological efficacy unless categorized into one
of the following groups:
a. Vnevaluable for safety
b. Infection not bacteriologically proven. No pathogen identified in the admission --

respiratory or blood cultures.
[Dsletion: c. Resistant to study drug. Admission psthogen is resistant to the
assigned drug]
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c. Inauf ficient course of therapy. Subject &es not take the study drug levofloxacin
- - for ●t learnt four daye or tb. cefuroxima axetil for ●t learnt fiva daye. -.

Subjects who take study drug for [less than five days because they are ~udged
a clinical failure by the Invaatigator are ●valuable] graatmx than 48~hre
but for less then 5 days becaueo they are judged ● cltnical failure by tbe
invemtigetor ● re evalueble. Tba pathogen (.) is (are) presumed to pareist in
these ●ituatione.

d. Effective concomitant therapy. Subject takes an effective systemic antimicio~ial
agent between time of admission culture (within 48 hours prior to start of
therapy) through test-of-cure culture (post-therapy).If the subject takes an
effective systemic antimicrobial because they have been judged a clinical
failure by the investigator, they are evaluable.

e. Inappropriate bacteriologic cultures
1) Admission culture is greater than 48 hours prior to the start of therapy
2) Post-therapy cu2ture/evaluation is not between 21-10 days post-therapy. If

the subject is discontinued due to a peraistant pathogen or clinical
failure and the post-therapy culture is obtained on the last day of
therapy, the subject is considered evalueble.

3) Adequate microbiological data is not available
f. Lost to follow-up but relays safety information
g. Other protocol violation, e.g.,

[Deletion: 1) Subject fails specific entrance criteria]
2) 1) Subject re-enters study
3) 2) Subject does not take at least 70% of assigned study drug

. [Deletion: 4) Subject takes study drug for more then 20 days (unless due to a
persistent pathogen)]

9.1.4. Evaluability criteria as outlined in CANDA submission:

Clinical response to treatment was the primary efficacy variable.
Microbiologic response was assessed as a secondary efficacy variable, with
eradication rates by pathogen and by infection evaluated separately.
Subject evaluability was categorized according to a specified hierarchy.
The first category of the hierarchy into which a subject was classified
was designated as the primary reason for nonevaluability.

9.1.1.1. Clinical Evaluability Criteria:

To be evaluable for clinical efficacy, subjects were not to be classified
in any of the following categories (in decreasing hierarchal order) :

1. Not evaluable for eafety (did not take at least one &ae of study drug or had no
postadtnissiondata available)

2. Unconfirmed clinical diagnosis
3. Insufficient course of therapy (minimum of four days of levofloxacin therapy and

five days of cefuroxime axetil therapy)
4. Effective concomitant therapy.

—

5. Posttherapy clinical evaluation not done during Posttherapy Day 1-10 interval
(window).

6. Lost to follow-up but prwided safety information
7. Protocol violatia (e.g., subject reentered study or did not take at least 70% of

study medication corresponding to reported number of days on therapy) .

9.1.2. Microbiologic Evaluability Criteria:

To be evaluable for microbiologic efficacy, subjects were not to be classified
in any of the following categories (in decreasing hierarchal order) :

1. Not evaluable for safety (did not take at leaat one dose of study drug or had qo
postadmission data available). —

2. Absence of bacteriologically proven infection.
3. Unconfirmed clinical diagnosis
4. Insufficient course of therapy
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S. Ef;ective concomitant therapy
6. %’IapprOpriate tiIIdngof bacteriologic cultures {>48 hours prior to admission or .

outside of acceptable window of one to 10 days posttherapy) .

7. Lost to follow-up but provided safety information,
8. Other protocol violation (e.g., subject reenters study or does not take at least

70% of study medication corresponding b reported nmnber of days on therapy).

10.2. Evaluability criteria as per Medical Officer: ‘-

10.2.1. Clinical Evaluability Criteria as per Medical Officer:

1. The subject met the inclusion criteria
2. The subject did NOT meet any of the exclusion criteria at the time of

enrollment
3. A posttherapy/end-of therapy/EOT clinical evaluation was performed.

The exception was for patients who were declared clinical failures
prior to the posttherapy visit, but did not have a posttherapy
follow-up visit, here the failure declared on-therapy was carried
forward.

4. A symptomatic response could be evaluated at the posttherapy time
point.

S. With regard to establishing time point for follow-up after treatment of
acu~e bacterial exacerbation of chronic bronchitis, both (1) the
natural history of the diaeaae and (2) the half-life of the
antimicrobial agent under investigation need to be taken into
account. The windows for follow-up after an episode of acute
bacterial exacerbation of chronic bronchitis will be the same for
patients treated with any antimicrobial agent with a relatively
short half-life. It is only in the case of a prolonged half-life
that the window for follow-up needs to be extended because blood
levels and tissue levels persist far beyond the last dose of the
antimicrobial drug. For levofloxacin, whose serum half-life is 6.34-
6.310 hours in the clinical tablet, the window of follow-up can be
the same as for other antibiotics with relatively short half-lives.

5.1. The IDSA Guidelines recommend standard follow-up after an
epimde of acute bacterial exacerbation of chronic bronchitis as
follows:

‘Assessment after completion of therapy and follow-up:
Patients should undergo clinical and
microbiologic assessment within 48 hours, 7-14
days, and 21-28 days after completion of therapy.
Clinical assessment should include assessment of
cough , dyspnea, sputum volume and sputum
purulence.” 2

5.2. Recent regulatory precedent for the appropriate time point for
test of cure has been established in other reviews of antimicrobial
agents with short half-lives for the indication of acute bacterial
exacerbation of chronic bronchitis, and these confirm the need for

—

1
Guidelines for the Evaluation of Anti-infective Drug Products. ~ 15(suppl

1):s78, 1992.
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late post-therapy follow-up to determine a stable point-estimate for
- “ clinical cure at the test-of-cure evaluation.

The original protocol 100-070 specified that the clinical evaluation at
the posittherapy/EOT (5-7 days posttherapy) visit was to be the primary
clinical endpoint, but with an End-of-Study evaluation at 3-6 weeks post-
therapy to provide a late follow-up assessment and stable estimate for the
test-of-cure. Protocol Amendment #1 also specified that the clinical
evaluation at the posttherapy/EOT (5-7 days posttherapy) visit was to be
the primary clinical endpoint, but the late follow-up at 3-6 weeks was
deleted from the protocol under this. Therefore, acknowledging that the
5-7 day posttherapy visit is mboptimal for establishing a stable point
estimate of the test-of-cure, the medical officer had no choice but to use
the only existing endpoint for the follow-up clinical evaluation as the
time point for the primary clinical endpoint for the purposes of this
evaluation.

6. In regards to the use of concomitant antibiotic therapy from the time
of enrollment through the end-of study visit, the following criteria
wer-applied:

6.1. A patient was fully clinically evaluable only if the
patient did NOT receive concomitant antibiotic therapy:

- Within 48 hours prior to enrollment in the protocol

- During the treatment period
- From the end of the treatment period to the poststudy ●valuation
- At the evaluation for clinical relapse

6.2. If the patient received an antimicrobial agent prior to

enrollment in the study, but there was a pathogenic
organism isolated on admission culture, the patient was
considered clinically evaluable

6.3. If the patient received an alternative antibiotic AND
— there was clear documentation of an alternative

diagnosis for which the other antibiotic was prescribed,
the patient was categorized as clinically unevaluable.

6.4. If the patient received an alternative antibiotic AND
there was no documentation of an alternative diagnosis
for which the alternative antibiotic may have been
prescribed, the patient was deemed clinically evaluable
(only) as a treatment failure.

7. Subjects must have completed an adequate course of therapy of either
study drug, with “adequate course” defined as follows:

7.1. For patients in the levofloxacin arm who were designated
as a clinical cure at EOT, a minimum of 5 days or 100%
of the minimum dose specified by the amended protocol-—

2
Dr. Rosemary Roberts, FlerepenamNDA Review. NDA Number S0706, Division HE’D-520,
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179

For patients in the cefuroxime arm who were designated as
a clinical cure at EOT, a minimum of 6 days or 80% of “
the minimum dose specified by the protocol
For patients in either the levofloxacin arm or the
cefuroxime designated a clinical failure at EOT, a
minimum of 72 hours of study drug was to have been Gaken
For the levofloxacin arm, no more than 1 missed dose
within the dosing interval requiring extension of the
dosing intenral to complete the full 5-7 doses of
therapy, as specified by the amended protocol.

For patients in the cefuroxime arm, no more than two

missed doses requiring extension of the dosing interval
to complete the full 7-10 days of therapy specified by
the protocol

8. Symptomatic response “unable to evaluate” at either the EOT or the EOS
evaluation remained disqualified from the efficacy analysis. The
exception to this was a patient who was declared a clinical failure during
therapy ~r at the EOT visit: this failure was carried forward as
“evaluable” regardless of the EOS evaluation.

10.2.2. Microbiologic evaluability criteria as per Medical Officer:
1. A subject met criteria for clinical evaluability at all time points during

the study
2. Pretherapy sputum culture was positive for a microorganism known to be

pathogenic in acute exacerbation of chronic bronchitis
3. Any residual secretions present at the EOT visit were sent for

4. In

culture. The medical officer would not accept the category of
“presumed eradication” in cases in which there were persistent
secretions that were not cultured. The medical officer felt that it
was incumbent upon the sponsor and investigators to document .

eradication when and where possible.

3.1. Only in cases where there were no residual secretions

would the designation “clinical cure/presumed
eradication” be accepted.

3.2. If there residual purulent secretions that were not
cultured, the medical officer defaulted to “presumed
persistence”.

3.3. If there residual nonpu5ulent secretions that were not
cultured, the medical officer defaulted to
‘microbiologically unevaluable”.

3.4. In cases of clinical failure, a microbiologic assessment
of “presumed persistence” was universally applied.

regards to the use of concomitant antibiotic therapy fr~ the time
of enrollment through the end-of study visit, the following criteria
were applied:

4.1. a patient was fully microbiologically evaluable only if
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4.2.

4.3.

4.4.

the patient did NOT receive concomitant antibiotic
therapy:

For the 48 hour period prior to enrollment (see exception
under item (ii) below)

During the treatment period
From the end of the treatment period to the posttherapy - -

evaluation and culture
At the ●valuation for clinical relapse

if the patient received pretberapy antimicrobial
treatment with another antibiotic, the patient was
microbiologically evaluable if there was a pathogen
isolated on admission culture. If no pathogen was
isolated on admission culture, the patient was both
clinically and microbiologically unevaluable.
if the patient received an alternative antibiotic AND
there was clear documentation of an alternative
diagnosis for which the other antibiotic was prescribed,
the patient was categorized as microbiologically
unevaluable.
if the patient received an alternative antibiotic AND
there was no documentation of an alternative diagnosis
for which the alternative antibiotic may have been
prescribed, the patient was deemed inicrobiologically
evaluable (only) as a persistent pathogen.

5. Subjects must have completed an adequate course of therapy of either
study drug, with “adequate course” defined as follows:

5.1. for patients in the levofloxacin arm who were designated
as a clinical cure at EOT, a minimum of 5 days or 100%
of the minimum dose specified by the amended protocol

5.2. for patients in the cefuroxime arm who were designated as
a clinical cure at EOT, a minimum of 6 days or 80% of

‘the minimum dose specified by the protocol
5.3. for patients in either the levofloxacin arm or the

cefuroxime designated a clinical failure at EOT, a
minimum of 72 hours of study drug was to have bem’taken

5.4. for the levofloxacin arm, no more than 1 missed dose
within the dosing interval requiring extension of the
dosing interval to complete the full 5-7 doses of
“therapy, as specified by the amended protocol.

5.5. for patients in the cefuroxime am, no more than two

missed doses requiring extension of the dosing interval
to complete the full 7-10 days of therapy specified by
the protocol

6. Symptomatic response “unable to evaluate” at either the EOT or the EOS
evaluation remained disqualified from the efficacy analysis.- The
exception to this was a patient who was declared a clinical failure during
therapy or at the EOT visit: this failure was carried forward as
‘evaluable~~ regardless of the EOS evaluation.
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10. Investigators and study
Study M 92-024 was conducted
as delineated below:

B. Steven Burke, B1.D.a
Holly Carveth, M.D.
Richard Clover, M.D.a
C. Andrew DaAbate, M.D.

Henry M. Faris, Jr., M.D.
Robert A. Fiddes, M.D., J.D.,
~oseph V. Follett, M.D.
Stuart M. Garay, M.D.
David Ginsberg, D.O.
Glenn Gomea, M.D.
Jay Grossman, M.D.
Robert N. Hunt, M.D.
Alan R- Rosenthal, Pharm.D,

—

William M. Hunter, M.D.
Benjamin Interiano, M.D.

Mitchell G. Kaye, M.D.
Wm. B. Klaustermeyer, M.D.
Phillip E. Korenblat, M.D.

Peter Kussin, M.D.
Them. W. Littlejohn, III, M.D.

Thomas C. Marbury, M.D.

J. Tyler Martin, M.D.

Donald John ?iattheea,M.D.
Michael McAdoo, M.D.
Phillip McElvaine, M.D.
Nazir A. Memon, M.D.
Richard R. Moyer, M.D.
S. Vijayachandran Nair, M.D.
Ronald Lee Nichols, M.D.

Gregory Scott Pape, M.D.
Anthony D. PUOPO1O, M.D.

Kathryn Rice, M.D.
Robert D. Rosen, M.D.
Melvin Russell, M.D.

West

Siteia: -—

by 28 investigators at a total of 33 separate sites,

.-
Chester, PA; USA

Veterans Affairs medical Center, Salt Lake City, UT; USA
The Univ. of Texas Medical Branch at Galveston, Galveston, TX; USA
Metairie, LA; New Orleans, LA; USA
Walden’e Health Care, Kenner, LA; USA
Woodward Medical Canter, Greenville, SC; USA
FCLM - Southern California Research Institute, Whittier, CA; USA
Internal Medicine Group, P.C., Cheyenne, WY; USA
New York Pulmonary Associates, PC, New York, NY; USA
Harleysville Medical Aaeociates, Harleyaville, PA; USA
Ochsner Clinic of Baton Rouge, Baton Rouge, LA; USA
Allergy Care Consultants, Ltd., Tucson, AZ; USA
South Bend, IN; USA
Heartland Research Center, South Bend, IN; USA
Mishewaka, IN; USA
Osceola, IN; USA
Health Family Center, Mishawaka, INI USA
South Bend Clinic, South Bend, IN; New Carlisle, IN; USA
South Bend Community Health Center, South Bend, IN; USA
McKinley Medical Clinic, Miahawaka, IN; USA
Michiana Family Clinic, South Bend, IN; USA
Michiana Internal Medicine Ass., South Bend, IN; USA
Osceola Clinic, Inc., Oaceola, IN; USA
Nappanee, IN; The Medical Group, Michigan City, IN; USA
The Elkhart Clinic, Elkhart, IN; USA
Family Practice Associates, Elkhart, IN; USA
Lovelace Scientific Resources, Albuquerque, NM; USA
The Asthma Institute of Houston, Baylor College of Medicine/The

Methodiet Hospital, Houston, TX; USA
Minnesota Lung Center, Minneapolis, MN; USA
Wadsworth VA Medical Center/West Loa Angeles, Los Angeles, CA; USA
Aaeociated Specialists in Medicine, St. Louis, MO: USA
Barnes West County Hospital, St. Louis, MO; USA
Duke University Medical Center, Durham, NC; USA
Piedmont Research Associates, Winston-Salem, NC; USA
Salem Family Practice, Winston-Salem, NC; USA
Maplewood Family Practice, Winston-Salem, NC; USA
Salem Chest Specialists, Winston-Salem, NC; USA
Orlando Clinical Reeearch Center, Orlando, FL; USA
Norfolk, NE; USA
Dakota Clinic, Ltd., Fargo, NC; USA
Milan, TN; USA
El Paso, TX; USA
Atlantic Pulmonary and Critical Care Associates, Absecon, NJ; USA
Ueeaba Clinic, Hibbling, MN; USA
Carl T. Hayden VAMC, Phoenix, AZ; USA
Tulane Medical School, New Orleans, LA; USA
Tulane University Hospital, New Orleans, LA; USA
Medical Center of Louisiana (Charity Hospital of Louisiana), New

Orleans, LA; USA
Physician’s Center, Marrero, LA; USA
Hanover Medical Specialists, P.A., Wilmington, NC; USA
Mllford Emergency Associates, Milford, MA; USA
High St. Medical Center, Clinton, MA; USA
Minneapolis VAMC, Minneapolis, MN; USA
Salem Research Group, Inc., Winston-Salem, NC; USA
Community Medical Arts Center, Tallasaee, AL; USA
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Jerome J. ~c~app, M.D.
Robert D. Schreiner, M.D.
william B. Smith, M.D.
Gregory Sullivan, M.D.
Warren R. Sunuaer,M.D.
Allen Thomas, M.D.
John J. Upchurch, M.D.
William Brent Young, M.D.
Nercua Zervos, M.D.
Steven K. Zorn, M.D.

Silver Spring, MD; USA
St. Josephgs Hospital of Atlanta, Atlanta, GA; USA
Louisiana Cardiovascular Research ~ter, New Orleans, LA; USA Jamea
Birmingham, AL; USA
LSUWC Lions Clinic, New Orleans, LA; USA
Msricopa Medical Center, Phoenix, AZ; USA
St. Vincent’s Family Medical Center, Birmingham, AL; USA
Florida Pharmaceutical Research Corp., Spring Hill, FL;-U~A
William 9eaumont Hospital, Royal Oak, WI; USA
Pulmonary Medicine P.C., West Dea Noines, IA; USA

11. Study Population:

Approximately 400 subjects, men and women who were 18 years of age or
older with a diagnosis of acute bacterial exacerbation of chronic
bronchitis, were to be enrolled in this study to attain a sample size of
147 clinically evaluable subjects per treatment group for efficacy
analysis. Enrollment continued until sufficient numbers of evaluable
subjects with infections due to important pathogens were entered. Subjects
were enrolled according to the inclusion/exclusion criteria summarized
below and described in detail in the protocol. Subjects with a diagnosis
of acute bronchitis or pneumonia (as evidenced by acute infiltrates on the
admission chest X-ray obtained within 12 hours prior to screening) or
cystic fibrosis were not eligible for treatment under this protocol.

.
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12. Efficacy as per Sponsor:

12.1. Demographics of Analysis Groups:
-—

12.1.1. Demographics of Randoz4zed Cohort:

Four hundred ninety-two subjects were enrolled in this study at 34.Qf the 43
centers (nine investigators did not enroll any subjects). The intent-to-treat
group included 246 subjects who were randomized to the levofloxacin treatment
group and 246 subjects who were randomized to the cefuroxime axeti.1 treatment
group. Two subjects randomized to receive cefuroxime axetil
actually received levofloxacin; hence, the numbers of subjects who received
levofl xacin and cefuroxime axetil were 248 and 244, respectively, Subject

1was clinically and microbiologically evaluable while subject was clinically

and microbiologically unevaluable. Thus, only one misdosed subject who

received levofloxacin instead of cefuroxlme axetil is included in the analyses

based on clinically evaluable subjects and those based on microbiologically
evaluable subjects. The clinical response for this subject was evaluated as
“cured” and the microbiologic response as “eradicated”. The demographic and
baseline (admission) characteristics for the modified intent-to-treat group were
comparable betwe=n the levofloxacin and cefuroxime axetil treatment groups. The
mean age for all subjects was 52.4*17.8 years with a range of 18-97 years. Men

accounted for 53.7% of all subjects enrolled and Caucasians for 72.8%. The

majority (89.4%) of subjects had an admission diagnosis of COPD. There were no

statistically significant differences (P20.08) found between the treatment groups

for the variables tested (i.e., age, sex, race) . The demographic and baseline

characteristics of the sponsor’s modified intent-to-treat cohort are summarized
in Table 12.2.1 on the following page.

—-
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Table 12.1.1.
.

Daiographic and Baseline Characteristics:
Nodifiod Intaat-to-treat Cohort (Study M92-024)
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12.1.2. Discontinuation/Coxo,pletion Information:

Of the 492 subjects enrolled in the study, 248 received levofloxacin and
244 receiv=d cefuroxime axeti.1 (modified intent-to-treat group). Of the
239 subjects in the levofloxacin group with known discontinuation/

completion information, nine (3.8%) discontinued therapy prematurely and
230 (96.2%) completed therapy according to the regimen presc~ibed by the
investigator. Discontinuation/completion information is unknown for an
additional nine subjects who did not return for the final visit. Of the

238 subjects in the cefuroxime axetil treatment group with known
discontinuation/completion information, 13 (5.5%) discontinued therapy
prematurely and 225 (94.5%) completed therapy. There were an additional
six subjects in this group with unknown discontinuation/completion
information. The most comon reason for discontinuation in both treatment
groups was an adverse event. The subjects discontinuing treatment
prematurely and the reasons for their discontinuation are summarized in
Figure 12.2.2.A and Table 12.2.2.B on the following page.
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F@’ure 12.1.2.A

Discontinuathn/Comopletion Information:
Modified Intent-to-treat Subjects (Study M92-024)

m ‘-
I 248aubjectsraceivedIavofbxachI1

I+9 $ubjects diacontimed

1 230aubjectscompleted therapy
I

“NOTE: See Section Vlll for reiavant erratum

244 Wbjectsreceived cefumximeaxatil

I+13’aubjectsdiacontrnued

I 225’subjectscompleted therapy
I

Table 12.1.2.B
Reasons for Premature Discontinuation:

Modified Intent-to-Treat Subjects (Study M92-024)

Lavofbxach Cafuroxirmaxeti
Reasons (N=248) (?4=244)

CIBricatEfkacy
Inappropriate PoatlherapyEvakMim Date 10 3
lnsufricientCouraa crfllrerapy 5 4
UnavakIable for Safetf 5
NoPoalttrerapyEvaluation 4 :
EffecUve ConcorWtant Therapy 1
Other Protocol Violation 1’ :

Total UnavaluablsFor ClnicalEmcacy 26 (10.5%) 15 (6.1%)

MlcrolrtolodcEfflcaty
hrfectionNotSacterbiogicaitf Proven i 01 88
UnavaUabiefm Safaty 5 3
InappmprtateTimingofCultureEvaluatbn 4 2
InaufflclerdCourseof Therapy 3 3
No PosttherapyEvaluation 1 1

185

. .

Total Unwaluabk For MlcrobiolodcEtTicacy 114 (46.0%) 97 (39.s%)

● Subjectscwnted onlyonce.
bThie subject- was hosptalzed fora serio& adversewent and did not returnfor

the poetlherapy avaluftion and tastof-cure aaeeaamert yet had aciinicalevaluation
of-hnprover.
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12.1.3.-Data Set Analyzed

TWO hundred twenty-two (89.S%) subjects in the levofloxacin treatment.roup and
229 (93.9%) subjects in the cefuroxime axetil treatment group were clinically
evaluable. One hundred thirty-four (54.0%) subjects in the levofloxacin-treated
group and 147 (60.2%) subjects in the cefuroxime axetil-treated gr~up were
microbiologically evaluable.

Table 12.1.3
Number of Subjects by Analy8ia Group end Study Center

(Study M92-024)
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12.1.4.-Qemographics of Clinically and Microbiologically

Evaluable Patients:
TWO hundred twenty-two (89.5%) subjects in the levofloxacin=reatment
group and 229 (93.9%) subjects in the cefuroxime axetil treatment group
were clinically evaluable. One hundred thirty-four (54.0%) subjects in the
levofloxacin-treated group and 147 (60.2%) subjects in the @Sfuroxime
axetil-treated group were microbiologically evaluable. The main reasons
that subjects were not clinically evaluable were inappropriate posttherapy
evaluation date (levofloxacin group) and insufficient course of therapy

(cefuroxime axetil group), whereas the major reason that subjects were not
microbiologically evaluable was absence of bacteriologically proven
infection (both groups) . The demographic and baseline characteristics of
the subjects included in the clinically and microbiologically evaluable
groups were comparable to the modified intent-to-treat group with respect
to age, sex, racial composition, and other baseline characteristics. There

were no statistically significant differences (P20.08) found between the

treatment groups for the variables tested (i.e., age, sex, race) .

Table 12.1.4
.

Demographic and Baseline Characteristics: Sponsor’s
Clinically and Microbiologically Evaluable Cohort-(Study M92-024)
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12.2. Ca@iance/Protocol variations::

Subjects-were to receive either one 500-mg levofloxacin tablet once daily or tti
250-mg cefuroxime axetil tablets every 12 hours for a total daily dos&8Y 500 mg

cefuroxime axetil. The total planned duration of therapy for the levofloxacin
group was five to seven days and for the cefuroxime axetil treatment group 10
days but either therapy could be extended at the discretion of the investigator
if indicated. A minimum of four days of levofloxacin therapy and five days of
cefuroxime axetil therapy was required for analysis of clinical response;
subjects who had failed clinically (in the judgment of the investigator) and had
taken more than 48 hours of study drug were not classified as unevaluable due to
insufficient course of therapy. There were no significant protocol variations
reported except for the drug dispensing and dosing errors previously described
and the enrollment of one subject ~ with renal insufficiency, an exclusion
criterion for study admission.

12.3. Medications:

12.3.1. Concurrent Therapies:

Concurrent therapies administered during the study that were considered to
possibly have a clinically relevant interaction with quinolones are
summarized in Table 6 along with the total number of subjects who received
any concurrent therapy. Comparable percentages of subjects in the
levofloxacin and cefuroxime axetil treatment groups took these concomitant
medications. One subject each in the levofloxacin and cefuroxime axetil
groups had unknown concomitant medication information. Percentages are
based on the number of subjects with known concomitant medication
information. Besides the traditioml central nervous system-acting drugs
(antipsychotics, antidepressants, antiepileptics, hypnotics, sedatives,
antiparkinson agents, opioid analgesics, and anesthetics) , other drugs
with secondary central nenous system effects were included.

Table 12.3.1
Summary of Concurrent Therapies:

Modified Intent-to-Treat Subject6 (Study 2492-024)
. . ,

Lew90rnan Cc-e exe!il
(N-248) (N-244)

ThefsPYCbs?#icdion No. (%)’ No. (%Y
TdelVVhoTodcCcsmment Therepy 2fo (8s0) 208 (8ss)

CenfmlNerw)usSy#emb 120 (48.8) 123 (s0.8)
BmldlOdletWs 4f (18.8) a (18fl)
&lfdds 3f (12s) 3a
NZUD

(155)
23 (9.3) x! (132)

WtmnhsUNttrWnd S~kmenfs 12 “ (4s) 13 (52)
m W* 12 (4.s) 20 (02)
#nfidkt@cTherq 8 (32) 7 w)
&lficae@tis 2 (0.8) 8

TdelwJthCormumti Thempylnfo. 247 (loo D) 243 (1%
Unknc+m 1 1

“One-pdesch nthebvofbsecinrndrntxudmeadi ~oupshedtimwn umcomiti
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tiiepile@ks,~ics, ee@ves,ti~Ikinsm egtis,o*idaAgeacs, andenedbti~dher
*swfhsecon* mrtrsi nswousqstemeftiwreinduded. SeeAppers#=slOendlltx
wmplde * list.
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12.3.2 ~ -tent of qosure
The extent of exposure to thera~ is shown by treatment group in Table 12.3.2 for
the modified intent-to-treat group. The mean duration of therapy was~en days
for levofloxacin-treated subjects and 10 dayB for cefuroxime axetil-treated
subjects; the medians were also 7 and 10, respectively. Four subjects required
dosage adjustments due to subject dosing errors. Two subjects in
the levofloxacin treatment group took levofloxacin b.i.d. before the dosage was
adjusted to once a day. Two subjects took cefuroxime axetil b.i.d.
and then reduced the dosage to once a day.

Table 12.3.2
Wtent of Exposure to Therapy:

Sponsor’s Intent-to-treat Subjects (Study M92-024)

Levofbxach Cefuroxirm sxeti

Extent of Exposure (?4=248) (N=244)

DaysonThera@

Unknown

1

.4

3
4

5

6
7

8
9

10
11
12
14
15
Mean*SD
Median I

of DOSSS
Tottl with DosingInformation
Total UnknmvnDosingInforrnetbn
Mean$SD
Medtan

8
1
1
3
2
1
3

219
3
1
1
1
2
2
0

7.oil.l
7.

240

8

7.0~1.2

7

4

0
1

1

1

2
3
2
3
2

177
42
3
1
2

1O.0*1.3
10

240
4

19.5t2.4
20

Range 1-14 2-28

NOTE: Lavolloxachhadaq24hdoskrgSh@de andcafuroxirw axetilhada
q12hdosingschedule.Thetotal plannaddursttonof thersp’fwastiveto
seven daysfor Ievoflox=h and 10 day6for cafuroxlrmsxetil.

‘Days ontherapyWS definedas (last day - firsl day+1).
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12.4. Clinical Results as per Sponsor:

This sect-zonof the report focuses on results of the primary efficacy analyses
of clinical response, based-on the group of subjects evaluable f~linical
efficacy. The results from the modified intent-to-treat and intent-to-treat
groups were generally consistent with those from the clinically evaluable group.

.-

12.4.1. Overall Clinical Response

Among clinically evaluable subjects in the levofloxacin treatment group,
80.6% were cured and 14.0% were inqxoved, compared with 75.5% and 17.0% in
the cefuroxime axetil treatment group. Twelve (5.4%) subjects in the
levofloxacin treatment group and 17 (7.4%) subjects in the cefuroxime
axetil treatment group failed treatment. In the modified intent-to-treat
group, levofloxacin treatment resulted in 75.0% cure, 15.3% improvement,

and 6.0% failure; 3.6% of subjects could not be evaluated. Cefuroxime
axetil treatment resulted in 72.5% cure, 17.6% improvement, and 7.4%
failure; 2.5% of subjects could not be evaluated. Similar results were
found in the intent-to-treat group. Furthermore, to allow for a
dichotomous analysis of clinical response, the clinical response
categories llcured~land llimproved~lwere combined into a Shgle CateCJOry Of

“Clinical Success”. Two-sided 95% confidence intervals around the
difference in clinical success rates were calculated to evaluate
therapeutic equivalence between treatments. Among clinically evaluable
subjects, levofloxacin treatment resulted in 94.6% clinical success while
cefuroxime axetil treatment resulted in 92.6% clinical success, with a 95%
confidence interval of [-6.8, 2.7] for the difference (cefuroxime axetil
minus levofloxacin) in success rates. ml of the treatment differences in
this confidence internal lie below the upper bound of 10% for establishing
clinical equivalence of treatments with success rates greater than 90%.
Confidence intervals computed for each study center with 10 or more

clinically evaluable subjects in each treatment group and for all other
centers pooled demonstrate the consistency of results across centers. The
cure rates for the two treatment groups for all centers combined were -

similar (80.6% for levofloxacin, 75.5% for cefuroxime axetil), with a 95%
confidence_interval on the difference in cure rates of [-12.9, 2.8] .
Similar cure rates were obsemed in the two treatment groups across the
study centers and across the analysis groups. The results observed for
the evaluable subject roup that indicate equivalence between treatment
groups were also obsemed across various sex, age, and race subgroups. In
the modified intent-to-treat group, the clinical success rates for

treatment with levofloxacin and cefuroxime axetil were 90.3% and 90.2%,
respectively. To evaluate consistency across all analysis groups in
clinical success rates, 95% confidence inte~als for the difference in
success rates are provided and
confidence intervals for all of

. . .

presented graphically.
the analysis groups are

.-

The individual
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Tehle 12.2.1.A
Clinical Response Rate for Each Study Canter:

Sponsor’s Clinically Evaluable Subjects (Study M92-024)
.-
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12.4.2-Clinical Response by Pathogen

Clinical response rates for clinically evaluable
key pathogens alone or in combination with other
Table 12. H. influenza, H. parainfluenzae,
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subjects infected with
pathogens a-hewn in
and M. (Branhamella)

catarrhalis were the most prevalent pathogens in the levofloxacin
treatment group. S. aureus, H. parainfluenzae, and M. {Branhamella)

catarrhalis were the most prevalent pathogens in the cefuroxime axetil
treatment group. Clinical success rates (cured + improved) for the key
pathogens ranged from 87.54 (S. pneumonia) to 96.3% (H. parainfluenzae)
for levofloxacin-treated subjects and from 87.5% (M. catarrhalis) to 100%
(H. influenza and S. pneumcmiae) for cefuroxime-treated subjects.

Table 12.4.2
Clinical Response Rates For Subjects with Pathogens of Primary Interest:

Sponsor’s Clinically and Microbiologically Haluable Subjects (Study M92-024)

LeWoxecin Cetie matil

Pdtmgen N“ Cured Improved Fdkd N“ Cured Improved Fsiled

Hmemophtis Muenzae 44 37(64.1) 5 (11 .4) 2 (4.5) 31 23 (74.2) 8 (2S.8) o (0.0)
tbemaphkmparakfkkmae 27 24(66.8) 2 (7.4) 1 (3.7) 32 24 (7S.0) 5 (15.6) 3 (9.4)

Mwxceti@?ranhamaJb)uWrMS 25 20 (60.0) 4(16.0) 1 (4.0) 32 23 (71.9) 5(15.6) 4(12.5)
Stfeptococtuspneumoni?e 16 12(7S.0) 2 (12.s) 2 (12.6) 10 10(1WII) o (00) o (0.0)
Staphybcoccusaureus 10 9 (90.0) o (00) 1 (?0.0) 3S 31 (66.6) 2 (5.7) 2 (5.7)

Nwntmrsstmwninpsrentheses srepera?rtqests thgcde~.

12.4.3. Clinical Symptoms/radiographic signs:

In general, for both the levofloxacin and cefuroxime axetil treatment
groups, there was clearing of individual symptoms from admission to

posttherapy in approximately 70% or more subjects. The proportions of
clinically evaluable subjects with resolution or improvement of signs of
bronchitis based on the chest examination revealed that a trend toward
resolution or improvement was evident in both the levofloxacin and
cefuroxime axetil treatment groups.

Table 12.4.3
Proportion of Subjects with Resolution of Clinically S~toms of

Bronchitis Based on Posttherapy Evaluation:
Sponsor’s Clinically Bvaluable Subjects (Study M92-024)

h- Csfirodmaal
Smmln Rs@slld m) m-d m)
cm 771W @l $ 7U75

Cbcm Pin
P.9

05104 Q! ~ ml t -4
SkomOcsofOmd 12en6s @.n Iwna g2.$

CotOb h~ lan20 -4 lasna ma
Spmm hasau 2mn 19 m.m 204n22 QI a

FmlmtSpawm IOWZ18 @Q4 laEn25 (=7J
“S~unprswnta titicdmsnd ~smtmpasb~~y tdalon.
‘Chnunmsbrmpmssfmnw!htefssbiadlilizt~mmstsdnkda.
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12.5. Microbiologic Results:

Microbiologic response was a secondary efficacy variable in this study. -

12.5.1. Zn Vitro Susceptibility:

One hundred forty-five subjects in the levofloxacin treatment group and
156 subjects in the cefuroxime axetil treatment group had pathogens
isolated at admission. The 145 subjects in the levofloxacin grdu~ had 202
pathogens with known susceptibility isolated at admission and the 156
subjects in the cefuroxime axetil group had 227 pathogens isolated at
admission with known susceptibility. There were 198 (98.0%) pathogens
isolated at admission from levofloxacin-treated subjects that were
susceptible or moderately susceptible to levofloxacin and 206 (90.7%)
pathogens isolated from cefuroxime axetil-treated subjects that were
susceptible or moderately susceptible to cefuroxime axetil. The resistant
pathogens represented 2.0% and 9.3% of all isolates with known
susceptibility from levofloxacin- and cefuroxime axetil-treated subjects.
Percentages were based on numbers of pathogens with known
susceptibilities.

Table 12.5.1.A
In vitro Susceptibility of AU Pathogens isolated at Admission:
Modified Intent-to-Treat Subjects with an Admission Pathogen

(Study M92-024)

No. (%)’ of Pathogens
Susceptibihtyof Pathogen Levofbxacrn Cefuroxlmeaxeti
Susceptible 192 (95.0) 191 (s4.1)
ModeratelySusceptible 6 (3.0) 15 (6.6)
Resistant 4 (2.0) 21 (8.3)
Unlmmm 4 4

Total No, Pathogens 206 231
“ Perce~ges Wrebased onnutiem tipathqens ~bmsuSeptibiltks.

Pathogenswsreisotatedltom145subjectsin the lavofbxach groupand156
Subjdsr nlhecafuroxitm axatilgroup.

Pathogens were isolated from 145 subjects in the levofloxacin group and
156 subjects in the cefuroxime axetil group. In regards to cross
susceptibilities, three hundred fifty-three (82.7%) of 427 isolates with
known susceptibilities to both levofloxacin and cefuroxime axetil were
susceptible to both drugs; 422 (98.S%) isolates with known cross-
susceptibilities were susceptible or moderately susceptible to
levofloxacin and 394 (92.3%) isolates were susceptible or moderately
susceptible to cefuroxime exetil. Resistance to both drugs was seen for 4

(0.9%) of the isolates. Four pathogens were levofloxacin-resistant and
cefuroxime axetil-susceptible or moderately susceptible, while 29
pathogens were levofloxacin-susceptible or moderately susceptible and
cefuroxime axetil-resistant. Cross-susceptibility to both drugs was
unknown for seven isolates.
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Table 12.5.1.B

C!rosai-Susceptibilityof Admission Xsolatod to Levofloxacin and
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Modifiod Iateat-to-Treat Subjects with an Admission Pathogen

(Study M92-024)

Cailmxirmaxetl

Levofbxach E!zHlaL-”
363 31 33 10

I
437

S = Susceptible,M = Moderate,R = Re~stant,U = Unknwm

12.5.2. Microbiologic Eradication Rates:

12.5.2.1. Microbiologic Eradication Rates by Subject:

Among microbiologically evaluable subjects in the levofloxacin treatment
group the eradication rate was 96.3% (including S7.3% presumed eradication
and 9.0% documented eradication) compared with 93.2% (including 89.1%
presumed eradication and 4.1% documented eradication) in the cefuroxime
axetil group. Five (3.7%) subjects in the levofloxacin treatment group and
10 (6.8%) subjects in the cefuroxime axetil group had microbiologic
persistence. Eradication rates were consistent regardless of sex, age, or
race. In the modified intent-to-treat group, levofloxacin treatment
resulted in 92.4% eradication and 3.4% persistence; cefuroxime axetil
treatment resulted in 89.7% eradication and 7.1% persistence.

-.



(-. 196

*. -.

Table 12.5.2.1
Microbiologic Eradication Rates and Confidence Intama18 by Study Center:

sponsor’s Microbiologically Evaluable Patients (Study M92-024)
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12.5.2.2. Microbiologic Eradication Rates by Pathogen:

The overall microbiologic eradication rates by pathogen in the
levofloxacin and cefuroxime axetil treatment groups were 97.4% and 94.6%,
with a 95% confidence interval of [-6.8, 1.2] for the difference between
treatment s“ (cefuroxime axetil minus levofloxaci.n), assuming independence
of multiple pathogens and multiple strains within a subject. The
eradication rates in the levofloxacin and cefuroxime axetil treatment
groups by subject were 96.3% and 93.2%, with a 95% confidence interval of
[-8.6, 2.5] for the difference between treatments. Using a confidence
interval upper bound of 10% for eradication rates greater than 90%, this
interval supports therapeutic equivalence between the two treatments. The
most prevalent pathogens for both levofloxacin and cefuroxime-axetil
treatment groups were gram-negative aerobes ~37.4% and 72.1% of pathogens
for the two treatment groups); the remaining pathogens were gram-positive
aerobes (22.6% and 27.9% of pathogens in the two treatment groups) . The
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microbiologic eradication rates for gram-negative and gram-positive
aek’bbes in the levofloxacin treatment group were 98.0% and 95.3%. The
eradication rates for the same types of organisms in the cefuroh axetil
treatment group were 93.8% and 96.8%. There was 95.5% eradication of the
most common pathogen (H. inflmnzae) and 100.0% eradication of the second
and third most comnon pathogens (H. parainflwnzae and M. (B~ella)
catarrhallis) in the levofloxacin treatment group versus 90.6% to 93.8%
eradication in the cefuroxime axetil treatment group. There was a 100%
eradication of S. aureus and 87.5% eradication of S. pneumonia in the
levofloxacin treatment group versus 97.1% and 100.0% eradication,
respectively, in the cefuroxime axetil group.

Table 12.5.2.2
Microbiologic Eradication Rates Summarized

by Pathogen Category and Pathogen:
Sponsor’s Microbiologically Evaluable Patients (Study M92-024)
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12.6. Superinfection:

Three subjects in the levofloxacin treatment group and four subjects in
the cefuroxime axetil treatment group developed superinfections and had
the superinfecting organisms isolated during the posttherapy period. For
these subjects, all of the isolates with known susceptibility information
were susceptible to both levofloxacin and cefuroxime axetil.

—.
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Table 12.6
-.

List of Subjects with Superinfections:
Sponsor’s Modified Intent-to-Treat Cohort (Study M92-024)’—

Wnbm Pdod PUJUg@n TmdSpU4nm Lmdlomdn U’I#aFn9Ucd --

Lwdlmtadn

PadUapyAuimmaram@aaw EIPUZ&8GSp@.m Lhdrrmn lhhovn

12.7. Summary of Key Efficacy Results

The clinical responses rates for the clinically evaluable and modified intent-to-
treat groups and the microbiologic response rates for the microbiologically
evaluable and modified intent-to-treat groups are summarized for the levofloxacin
and cefuroxime axetil treatment groups in the table below. Within response
category (clinical or microbiologic) , the results are comparable between the
analysis groups. Moreover, there is concordance between the clinical and
microbiologic responses based on a cross-tabulation of clinical response versus
microbiologic response, further confirming the consistency and reliability of the
clinical and microbiologic responses. The clinical and microbiologic results

clearly demonstrate that levofloxacin is equivalent to cefuroxime axetil.

—

—.
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Table 12.7
Summary of Key Efficacy Results:

Sponsor’s Clinically and Microbiologically Evaluable
(Study M92-024)

Subjects
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13.2. Demographics of FDA Clinically and Microbiologically

Evalu&le Patient Groups:
..

13.2.1. Overall Demographics

The FDA medical officer’s clinically evaluable patient cohort, selected prior to
the modification of the evaluability criteria for the dosage durati-og and the
follow-up clinical evaluation, contained 458 patients. Of these 458 patients,
245 (53%) were female and 213 (47%) were male. This is similar to the
distribution found in the intent-to-treat cohort, as sumarized in Table 12.1.2.
In the cohort of 105 patients who were both clinically and microbiologically
evaluable, there were 150 (53%) males and 133 (47%) females. The distribution
among racial groups was similar for both cohorts, and this was similar to the
distribution in the intent-to-treat cohort. Likewise, the age distribution in
the clinically and clinically/microbiologically evaluable cohorts was similar to
that in the intent-to-treat cohort.

Table 13.2.1
Demographic and Baseline Characteristics:

FDA Clinically And Microbiologically Bvaluable Cohorts (Study M92-024)

FDA ClinicallyBvaluable FDA Clinically and

Patients N (%) Microbiologically Bvaluable

Patients N (%)

TOTAL 458 283/458 (62%)

sex

M 245/458 (53%) 150/283 (53*)
F 213/458 (47%) 133/283 (47%)

Race
Caucasian 33S/458 [73%)
Black

195/283 (69%]
82/458 (18tl 62/283 (22%)

Hispanic 38/458 {8.3%) 24/283 (B.5t)

Asian 1/458 [0.2%1 1/283 (o.3k]

Other 2/458 (0.4%) 1/283 [0.3%)

Age (Zs)
<45 178/458 (39%) 119/283 (42%)
46-64— 131/458 (29%) 03/283 (29*)
265 149/458 (32%) 81/283 (29*)



13. Eff~c.acy as per Medical

13.1. Patient Population:

Of the sponsor’s intent-to-treat

200

Officer:
...

cohort, the medical officer cons~ered 93%
(458/492) clinically evaluable according to the medical officer’s clinical
evaluability criteria delineated in Section 11.2.1 of this review. Of the 458
clinically evaluable patients, the medical officer determined that 62%-~2S3/458)
of these were microbiologically evaluable according to the medical officer’s
microbiologic evaluability criteria delineated in Section 11.2.2 of this review.
The breakdown of the intent-to-treat cohort by evaluable subgroups and treatment
groups is summarized in Table 13.1, below. The reasons for both clinical and
microbiologic nonevaluability are summarized in a series of tables under section
13.1.2.

Y
.

Table 13.1
FDA Clinically and Microbiologically Bvaluable Patients:

Breakdown as Subgroups of Sponsor’s Intent-to-treat Cohort

FDA Clinically Evaluable FDA Clinically Nonevaluable

?DA ficrobiologically FDA Microbiologically FDA Microbiologically FDA %icrobiologically
Svaluabla N (%) Nonevaluable N(%) Svaluable N(8) Noneveluable N(%)

283/458 (62%) 17S/458 (38%) o 34/492 (7%)
Levofloxacin 136/283 (48%) Levofloxacin 91/175 (52*) Levofloxacin 21/34 (62%)
Cefuroxime 147/283 (52%) Cefuroxime 84/175 (48%) Cefuroxime 13/34 (38t)

FDA Clinically Svaluahle ?DA Clinically Nonevaluable
458/492 (93*) 34/492 (7%)

Levofloxacin 227/458 (SO*) Levofloxacin 21/34 (62%)
Cefuroxime 231/458 (50%) Cefuroxime 13/34 (38*)

Intent-to-trmat Cohort
492

Levofloxacin 248/492 (50%)
Cefuroxime 244/492 (50%)

AS discussed in the review of protocol K90-070, a preliminary analysis of the
clinical cure rates for 7-10 days of levofloxacin therapy were substantially
greater than for 5-7 days of levofloxacin, thus the dosage range for the
evaluable patient group was restricted 7-10 days of therapy with levofloxacin in
the final statistical analysis of protocol K90-070. In order to maintain
comparability of the evaluable patient groups for protocol K90-070 and M92-024,
the dosage duration was also restricted in the evaluable patient group for
protocol M92-024: 7-10 days duration for levofloxacin therapy and 10-11 days for
cefuroxime axetil therapy. Of the 227 PDA clinically evaluable patients, 93%

(212/227) received levofloxacin for 7 days were, therefore, considered clinically
evaluable in the statistical analysis of protocol M92-024.

In addition to the. restriction on dosing duration added after the medical
officer’s evaluability criteria had been applied, the window for follow-up
evaluation was changed to 4-8 days posttherapy. Therefore, after the application
of these two further restrictions, the clinically evaluable patient pool used for
the final statistical analysis was restricted to 399 patients: 196 levofloxacin-
treated patients and 203 cefuroxime-treated patients.
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13.2.2.- ‘Demographic s of FDA Clinically and Microbiologically

Evaluable Cohorts: Analysis by Treatment Groups —

The demographics of the 458 patients in the FDA clinically evaluable patient
cohort are analyzed by treatment group in Table 13.2.2, below. The distribution
of all demographic variables is comparable to the distribution fo-d in the
intent-to-treat cohort, as summarized in Table 12.1.2.

Table 13.2.2
Demographic and Baseline Characteristics:

FDA Clinically And Microbiologically Bvaluable Cohorts:
Analysis by Treatment Group (Study M92-024)

rDAcMnissuy *1*1O Patiants PM Clln.icallyaud Ilicrobiolopically Su’duablo Patiants
u (8) n (%)

UL LNa CofUrosima m Lsvo Cofuroxti

TOTAL 458 227 231 283 136 147
458/492 (93%) 227/458 (50%) 231/458 (50%) 283/458 (62%) 136/283 (48%) 147/283 (52%)

sax
M 245/458 (53%) 114/227 (50%) 131/231 (S7%) 150/283 (53%) 67/136 (49%) 83/147 (56%)
F 213/458 (47%) 113/227 (50%) 100/231 (63%) 133/283 (47*) 69/136 (51*) 64/147 (44*)

Race
Caucasian 335/458 (73#) 166/227 (73%) 169/231 (73%) 195/283
Black

(69%) 95/136
82/458

(70*) 100/147 (60%)
(18*) 38/227 (17%) 44/231 (19%) 62/283 (22%) 27/136 (20%) 35/147 (24%)

Hispanic 38/458 (8%) 22/227 (9.6%) 16/231 (7%) 24/283 (8.5%) 13/136 (9.6%) 11/147 (7.5*)
Asian 1/458 (0.2%) 1/227 (0.4t) o 1/283 (0.3%) 1/136 (0.4%) o
Other 2/458 (0.4%) o 2/231 (1%) 1/283 (0.3%) o 1/147 (0.5%)

Age (-s)
<45 178/458 (39%) 90/227 (40%) 88/231 (38%) 119/283 (42*) 57/136 (42%) 62/147 (42%)
46-64 131/458 (29%) 70/227 (31*) 61/231 (26%) 83/283 (29%) 42/136 (31%) 41/147 (28*)
>65 149/459 (32%) 67/227 (30%) 82/231 (35%) 81/283 (29%) 371X36 (27%) 44/147 (30*)

4

—

-.
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13.3. ~eqsons for Nonevaluakd.lity

13.3.1. Reasons for Clinical Nonevaluability
..

Of the sponsor’s intent-to-treat cohort, the medical officer con~dered 7%
(34/492) clinically unevaluahle according to the clinical evaluability criteria
delineated under Section 11.2.1 of this review. The addition of the more
restrictive evaluahility criteria for dosing duration and dates of- ~ollow-up
clinical assessment, which were added in order to make the analysis of Protocol
M92-024 analogous to the analysis of Protocol K90-070, reduced the clinically

evaluahle patient group to 399 patients. Table 13.3.1 summarizes the reasons for
nonevaluability in the entire cohort of clinically nonevaluahle patients. The two
evaluahility criteria which underwent late modification, appropriate clinical

evaluation date and insufficientcouree of therapy,are subdivided to show the effect

of the late modification of the evaluebility criteria on the FDA clinically evaluahle

patient cohort.

Table 13.3.1
Reasons for Clinical Nonevaluability:

ALL FDA NoneValuable Patients (Study M92-024)

Ra8Bon for Nonevaluability Total LSVo Cofuroxima
m 36 N

Inappropriate Clinical Evaluation Date
Original evaluability criteria 9 6 3

Final Svaluability Criteria
Follow-up evaluation <4 daya posttherapy 21 8 13

Follow-up evaluation >8 days poattherapy
23 16 -1
53

Totsl in fizal ?DA oomavslaubla cohort
30 23

Drug Therapy
Zmaufficient duratimm of therapy
Original evaluahility criteria 6 4 2
Final Zveluability Criteria
Levofloxacin <7 &ye or c!efuroximec1O days 17 6 11
Levofloxecin >10 days or cefuroxime >11 days 10 4 6

Total b final ?DA nomevaluebls cohort 33 14 19

Unevaluahle for Safety 15 9 6

Effective Concomitant ~erapy 3 1 2

Protocol Violation 1 1 0

TOTALRaasoma 105 55 50
TOTALPmthnts 93 52 41

—
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13.A2. Reasons for Microbiologic Nonevaluability ..

Of the 458 clinically evaluable patients in the original FDA eval~ patient
pool , the medical officer determined that 62% (283/458) of these were
microbiologically evaluable according to the microbiologic evaluability criteria
listed under section 11.2.2. Of the clinically evaluable patients, 38t-(175/458)

were microbiologically unevaluable according to the microbiologic evaluability
criteria listed under section 11.2.2. The reasons for microbiologic
nonevaluability for the original FDA medical officer’s analysis of evaluability
are as summarized in Table 13.3.2, below. With the addition of the further
restriction on dosage duration and days for posttherapy follow-up evaluation, the
pool of clinically and microbiologically nonevaluable patients was expanded to
include patients made nonevaluable by these additional criteria. The
statistician was unable to provide the medical officer with specific numbers for
patients made microbiologically unevaluable by the application of these more
stringent evaluability. However, the final microbiologically evaluable patient
cohort consisted of 245 patients: 116 levofloxacin-treated patients and 129
cefuroxime-treated patients.

Table 13.3.2
Reasons for Microbiologic Nonevaluability:

Original FDA Microbiologically Evaluability Criteria (Study M92-024)

c2inice21y Welue.bl*/ Clinicallycnd

f
NicrobiolopicellyOnevalueblo MicrObiOlopicallyUnotiuable

ALL Lrvo Cofur~ Am Im?o c*furOxiDa

No AdmiaeionPathogen 173 91 82 18 12 6

lJnave2u4blafor r3afoty/LO@t-tO-TollOw-vp .- -- -- 8 4 4

tifficient duration of therapy -. .. -- 3 2 1

Protocol violation
Inappropriate Bacteriologic Culture -. .. -- s 3 2
Other 1 1 0 -. -- --

Residual Sputumat Pnattherapy Visit not Cultured 2 0 2 -- -- --

Tota2 : Microblolqically Sonavcluabla Patieots
FDA invaluablePatients: All Microorganisms 175 91 04 34 12 6

‘fntel: Sicrobiolopioally NOn~uable Patieota 175 34
FDA Uvalueble Patients: All Microorgaaiama

209
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13.2. Clinical Efficacy as per Medical Officer:

Using the medical officer’s clinical evaluability criteria delineate- Section
11.2.1 of this review and the later modifications to the dosage duration and

follow-up clinical evaluation evaluability criteria, a total of 399 clinically
evaluable patients were selected from the intent-to-treat cohort: 196
levofloxacin-treated patients and 203 cefuroxime-treated patients. The overall
cure rate at the posttherapy evaluation was 68% (134/196) for the levofloxacin-
treated cohort and 67% (137/203) for the cefuroxime-treated cohort. The 95%
confidence intenfal around the difference in overall cure rates for the two
treatment arms was ~03,1Sc(-10.5,8.8)67~,G~~‘. Thus, the overall clinical cure rates
for the two treatment axms meet statistical criteria for equivalence. Cure rates
by investigator are summarized in Table 13.2.A, below. The investigators Deabate
and Faris reported higher clinical cure rates than the majority of investigators,
but these higher cure rates were balanced in both treatment arms. Investigator
McElvaine reported the highest cure rate in the levofloxacin treatment arm, and
this was significantly higher than the cure rate in the cefuroxime treatment arm.

Table 13.2.A
Posttherapy Clinical Cure Rates By Investigator:
FDA Clinically Bvaluahle Subjects (Study M92-024)

Levofloxacin Cefuroxime Axetil

Investigator ~ Cure Improve Fail N Cure Improve Fail

Deabate 40 33 (83) 7 (18) o (o) 46 40 (87) 6 (13) o (o)
Faris 15 12 (80) 3 (20) o (o) 18 15 (83) 3 (17) o (o)
McElvaine 16 14 (88) 2 (13) o (o) 14 10 (71) 4 (29) o (o)

Russell 29 20 (69) 7 (24) 2 (7) 29 20 (69) 8 (28) 1 (3)
Other 96 55 (57) 34 (35) 7 (7) 96 52 (54) 30 (31) 14 (15)

Total 196 134 (68) 53 (27) 9 (5) 203 137 (67) 51 (25) 15 (7)
N,,”.h-..I..A..”4“ -.-a”*k..-..-----”-..+.”-.●...-+1.,.*-.+-”,-.-,.. W,-*S e..””.. *.. pe.=.....=e=a -.= F=--=-$--3=- --- ---~ ---=SW*7 .

‘Results are presented for investigators with 10 or more evaluable patienta in each treatment
group. All other in~estigators are combined under ‘other”.

The difference in werall cure ratea for all centers combined was not statistically significant
in FDA’s microbiologically evaluable patient group and the drugs are considered therapeutically
equivalent; 95* confidence internal for cefuroxime Sxetil minus levofloxacin 2~,.1,~(-10.5,8.8)gT~,~~C.

1
Dr. Nancy Silliman. Statistical Review of NDA 20-634 end 20-635.
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Of the clinically cured and clinically improved patients are grouped into one
category ~f- “clinical success”, the levofloxacin-treated patients had an overaIl
success rate of 95% (187/196) and the cefuroxime-treated patients had~overall
success rate of 93% (188/203) . Overall success rates by investigator are

summarized in Table 13.2.B, below. The 95% confidence inte~als for (1)

individual investigators and (2) the overall clinically evaluable cohort

all overlapped zero, indicating that the two treatments meet regulatory

criteria for statistical equivalence. The analysis by
investigator/investigative site failed to reveal any bias added to the

overall result by an anomalous result from any one center.

Table 13.2.B
Posttherapy Clinical Success Rates By Investigator:
FDA Clinically Evaluable Subjects (Study M92-024)

Levofloxacin Cefuroxime Axetil

Investigator N, Successb N Success 95% Confidence
Intervalc

Deabate 40 40 (loo) 46 46 (100) N/A
Faris 15 15 (loo) 18 18 (100) N/A
McElvaine 16 16 (100) 14 14 (loo) N/A
Russell 29 27 (93) 29 28 (97) (-11.4, 18.3)
Other 96 89 (93) 93 82 (88) (-14.0, 4.9)

Total 196 187 (95) 203 188 (93) (-7.9, 2.3)
~esults are presented for investigators with 10 or more evaluable patients in each treatment group.

All other investigators are combined under “other-.
bclinical success is defined as either clinical cure or clinical improvement. Numbers shown in
parentheses are percentages for that category.
%“wo-sidedconfidence intenel for the difference (cefuroxime axetil minus levofloxacin) in clinical
success rate.

—
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13.3. Microbiologic Efficacy as per Medical Officer

Using th~ ‘medical officer’s clinical and microbiologic evaluability criteria
delineated in Sections 11.2.1 and 11.2.2 of this review, as well as =further
modifications to the dosage duration and follow-up visit criteria, a total of
245 patients were both clinically and microbiologically evaluable, 116
levofloxacin-treated patients and 129 cefuroxime-treated patients. There are no
specific recommendations in the ‘Points-to-consider” document for the number of
isolates required for specific pathogens such as Streptococcus pneumonia,
Haemophilus influenza, and Moraxella catarrhalis.

The cure rates by pathogen for the respiratory pathogens request by the sponsor
in the proposed draft labeling are listed in Table 13.2.A, below. The clinical
cure rates in the levofloxacin-treated patients are acceptable for HaemophiZus

influenza, Haemophilus parainfluenzae, and Streptococcus pneumonia, but are
suboptimal for Moraxella catarrhalis and Staphylococcus aureus.

Table 13.3.A

Poststudy Clinical Cure Rates for Subjects with Pathogens of
Primary Interest: FDA Clinically Evaluable Subjects (study M92-024)

h .

IPathogen ~

.
HsemOphilus influenza 40 29 (73) 9 (23)

I
Hs5wphilusperainfluenzae 28 23 (82) 5 (18)

NOrexella [Branhsmella)cat.errhslis 20 13 (65) 6 (30)
staphylococcusaureus 8 3 (38) 4 (50)

Streptococcuspneumonia I
10 8 (80) I 1 (lo)

Numbers shownin parenthesesare percentagesfor that categorj

Fail

2 (5)
o (o)
1 (5)
1 (13)

1 (lo)

I Cefuroxime Axetil I

31
31
26
32
10

Cure

16 (52)

24 (77)

18 (69)

23 (72)
9 (90)

● N-number of aubjects who had thatpathogen alone or in combinationwith otherpathogens.

~

JI
14 (45) 1 (3)
4 (13) 3 (lo)

4 (15) 4 (15)

6 (19) 3 (9)
1 (lo) o (o)

The clinical success rates, defined as the combined group of patients who were

clinically “cured” or “improved” at the posttherapy evaluation, are listed by -
pathogen in Table 13.2.B, below. In the levofloxacin-treated patients, the
overall clinica~ success rates are within acceptable limits for all major
pathogens.

Table 13.3.B
Poststudy Clinical Success Rates for Subjects with Pathogens of

primary Interest: FDA Clinically Invaluable Subjects (Study M92-024)

Levofloxacin CefuroximeAxetil

Pathogen
W Clinical Succekeb Fail N. Clinical Success Fail

Hsamophi1US influenzae 40 38 (95) 2 (5) 31 30 (97) 1 (3)
Hsanophi1us parainf lueozae 28 28 (100) o (o) 31 28 (90) 3 (lo)

Jforaxella(Branbameha) catarrhalis 20 19 (95) 1 (5) 26 22 (85) 4 (15)

stsphylococasaureus 8 7 (87) 1 (13) 32 29 (91) 3 (9)

Streptococcuspneumonia 10 9 (90) 1 (lo) 10 10 (loo) o (o)

Numbersshown in parenthesesare percentagesfor that category.
‘N=nutierof subjects who had that pathogen alone or in combination with other pathogens,

h The catego~ of “Clinical Success” is defined by those patients considered clinically cured or improved at the
post-therapy evaluation.
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Microbiologic eradication rates and confidence intervals are listed by
investigator in Table 13.3.C, below. There does not appear to be_gqy bias
introduced into the overall result by any one center, since all confidence
interval overlap zero.

.-
Table 13.3.C

Microbiologic Eradication Rates and Confidence Intenals By Investigator:
FDA Microbiologically Evaluable Subjects (Study M92-024)

Levofloxacin Cefuroxime Axetil
I

Investigator
N= Eradicationb N Eradication 95% Confidence

Intervale

Deabate 35 35 (loo) 42 42 (100) N/A

Russell 14 12 (86) 20 18 (90) (-24.3, 32.9)
Other 67 60 (90) 67 52 (78) (-25.8, 1.9)

Total 116 107 (93) 129 112 (87) (-13.8, 3.0)

ltesultsare presented for investigators with 10 or more evalusble patients in each treatment group.
AU other investigatora axe combined under “other”.
%unbers shown in psrenthesea are percentages for that category.
Ctio-sided confidence intenral for the difference (cefuroxime axetil minus levofloxscin) in
microbiologic eradication rate.

The microbiologic eradication rates by pathogen for the major categories of

pathogens and the specific pathogens requested by the sponsor in the proposed
labeling are listed in Table 13.3.D, on the following page. The microbiologic
eradication rates for levofloxacin-treated patients are statistically equivalent
to the eradication rates for cefuroxime-treated patients, as indicated by the 95%
confidence inte~als that overlap zero. In addition, the absolute eradication
rates for levofloxacin-treated patients for all major pathogens are acceptable,
although the absolute eradication rate of 75% for S. aureus is on the low end of
the acceptable range.

--

—.
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+.- Table 13.3. D
-.

Overall Microbiologic Eradication Rates by Pathogen CategtWy

and Pathogen: FDA Microbiologically Evaluable Subjects’ (Study M92-024)

I?evofloxacin Cafuroxime Axetil -_

95% Confidence

Intervalb
N Eradicated” N Eradicated”

Pathogen Category/Pathogen
e
PathogenCategory
Gram-positiveaerobic pathogens 33 30 (91) 56 49 (88) (-18.9, 12.1)

Gram-negative aerobic pathogens 133 125 (94) 138 125 (91) (-10.5, 3.7)

Total by pathogen 166 155 (93) 194 174 (90) (-10.0, 2.6)
Total by subject 116 107 (92) 129 112 (87) (-13.8, 3.0)

Pathogen

Haaophilus influenza 40 36 (90) 29 23 (79) (-31.1, 9.7)
Haemophilus parainfluanzae 28 28 (loo) 30 28 (93) [-19.0, 5.7)

Moraxella (Branhamella) catarrhalis 20 20 (loo) 25 22 (88) (-29.2, 5.2)

Staphylococcus aureus 8 6 (75) 32 29 (91)

Streptococcus pneumonia
10 9 (90) 10 10 (loo) (-18.6, 38.6)

●Numhers shown in parentheses are nercentaaes for that cateaow...—..—--- —..=——--.—..---——-- =---—..-—=——--- -..—- -—-- - -- . .
bA two-sided confidence interval for the difference (cefurox.imeaxetil minus levofloxacin) in
microbiologic eradication rate was calculated forpathogens with 10 or more admission isolates in
each treatment group.

-.
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13.4. Overall Success Rates:
The ove~ail success rates, defined by the population of patients who were
clinically cured or improved at posttherapy evaluation and had mic~iologic

eradication of their admission pathogen, are summarized by investigator in

Table 13.4, below. The overall success rate for patients with all

pathogens isolated at admission was 91%, for the levofloxacin-tre-ated arm

and 86% for the cefuroxime-treated arm. for the evaluable patient cohort
as a whole, indicating that the overall success rates for the two
treatment arms are statistically equivalent. The 95% confidence intezxal
around the difference in overall success rates of the two treatment arms

overlapped zero for the individual study sites, indicating that no

individual study site biased the overall result.

Table 13.4

Overall Success Rates’ and Confidence Inte=als By Study Center:

FDA Microbiologically AND Clinically Bvaluable Subjects (Study M92-024)

Levofloxacin Cefuroxime Axetil

Overall Overall 95% Confidence
Investigator

I@’ SuccessC N Success Intervald

Deabate 35 35 (100) 42 42 (100) N/A
Russell 14 12 (86) 20 18 (90) (-24.3, 32.9)
Other 67 59 (88) 66 50 (76) (-26.7, 2.1)

Total 116 106 (91) 128 110 (86) (-14.2, 3.3)

Vverall success is defined as clinical cure or improvement with microbiologic eradication.
%Lesults are presented for investigators with 10 or more avaluable patients in each treatment group.
IU1 other investigators are combined under “other”.
?JUmbers shown in parentheses are percentages for that category.
%m-sided confidence intennd for the difference (cefuroxime axetil minus levofloxacin) in overall -
success rate.

—
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14. Safety Results as per

14.1. Data Set Analyzed

211

Sponsor

A Subject was included in the safety sunanariesif he/she received study drug and
any post-admission data were available. Subjects were classified accordkng to the
drug that was received. Four hundred eighty-four (98.4%) of 492 subjects
enrolled were evaluated for eafety. Of the 484 subjects, 243 received
levofloxacin and 241 received cefuroxime axetil. Eight subjects (five in the

levofloxacin treatment group and three in the cefuroxime axetil treatment group)
were lost to follow-up with no safety information and were therefore excluded
from the safety analysis.

Table 14.1
Subjects Excluded from the Safety Analysis. .

SubjectNutier AgelSex kweatigator ReasonsforExclusion

Lwofloxach
281M Qhsberg Losttofolow-up,no availaNe data

71/M Hunter Lost to folowup, no availa~e data

2LUF Zervos Loci to folowup, no Svailatie data
221F McElvaine LoS to folmwup, no Svailatie data
361M DaAbate Lostto folow-up,no evallatie data

Csfurotimsaxatii
36JF McEivaine Lost to folowrp, no Svaiiatde data

231F McElvaine Loattofolov+up, no availatdedata

34/M DaAbate Lost to folow!p, no evailatie data

Cross-reference: Appendk 13.

14.2. Ovemiew of Safety Data
The most frequently reported adverse events in both treatment groups occurred in
the gastrointestinal and nervous systems, and consisted primarily of headache,
diarrhea, nausea, and dizziness. The nature and frequency of adverse events were -
generally comparable across the two treatment groups. Of the 25 subjects with
adverse events +ronsidered marked in severity, 13 subjects were in the
levofloxacin group and 12 were in the cefuroxime group. Twenty-four (9.9%)
levofloxacin-treated subjects and 19 (7.9%) cefuroxime-treated subjects had
adverse events considered by the investigator to be probably or definitely
related to study drug (drug-related). Of the four subjects with marked drug-
related adverse events, two were in the levofloxacin treatment group (pruritus
in one subject and nausea in one subject) and two were in the cefuroxime axetil
treatment group (chest pain and rhinitis” in one subject and diarrhea in one
subject) . Fifteen subjects discontinued study drug due to adverse events, seven
subjects in the Ievofloxacin treatment group and eight subjects in the cefuroxime
group. Nine subjects in the levofloxacin treatment group and five subjects in the
cefuroxime axetil treatment group reported serious or potentially serious adverse
events, all of which were unrelated or remotely related to the study drug and
most likely related to the subjects’ underlying condition. No deaths occurred
during the study. Clinically significant treatment-emergent changes in clinical
laborato~–-tests, physical examinations, and vital signs occurred infrequently
and were comparable across treatment groups.
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14.3. Treatment-Emergent Adverse Events

14.3.1. Summary of All Adverse Events
..

One-hundred twenty-seven (S2.3%) of 243 safety-evaluable subjec~ in the
levofloxacin treatment group and 124 (51.5%) of 241 safety-evaluable subjects in
the cefuroxime axetil treatment group reported at least one treatment-emergent
adverse event during the study, including events considered by the inv&tigator
as related or unrelated to study dxug. Body systems with the highest reported
incidence of adverse events were the gastrointestinal system and the central and
peripheral nervous system. The frequency of adverse events was similar in the two
treatment groups. The overall proportions of subjects experiencing an adverse
event (52.3% and 51.5% for levofloxacin- and cefuroxime axetil-treated subjects,
respectively) did not show a statistically significant difference (i.e., the 95%
confidence interval for the difference in rates includes zero) . ldl body systems
had calculated confidence intervals that included zero, indicating no
statistically significant difference in frequency.

Table 14.3.I.A
Incidence of Adverse Bvants S~rized by Body System:

Subjects Bvaluable for Safety (Protocol M92-024)
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The most frequently reported adverse eventk were headache (13.2% incidence rate
for levofloxacin-treated subjects versus 10.0% for cefuroxime axetil-treated
subjects), diarrhea (7.4% versus 12.4%), nausea (7.4% versus 4.6%), and dizziness
(7.0% versus 3.7%). The two treatment groups were generally comparable with
respect to the type and incidence of adverse events.



Table 14.3.1.B
Incidence of Frequently Reported (22%)

Adverne Event8 Summarized by Body Sy8tem:
Subjects Evaluable for Safety (Protocol M92-024)
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The majority of adverse events were assessed as mild in severity. Thirteen
subjects in the levofloxacin treatment group reported one or more adverse events
of marked severity, including marked dyspnea and headache in two subjects each.
Twelve subjects in the cefuroxime axetil treatment group also reported one or
more marked adverse events, including diarrhea and chest pain in two subjects -
each. No other adverse events of marked severity occurred in more than one
subject within a given treatment group, and most were considered by the
investigator as unrelated or remotely related to the study drug. Of the four
subjects with marked drug-related adverse events, two were in the levofloxacin
treatment group (pruritus in one subject and nausea in one subject) and two were
in the cefuroxime axetil treatment group (chest pain and rhinitis in one subject
and diarrhea in one subject) . Six of the 25 subjects with marked adverse events
discontinued study drug treatment (three subjects in the levofloxacin treatment
group and three subjects in the cefuroxime treatment group). Nine subjects had
marked adverse events that were considered serious or potentially serious (four
subjects in the levofloxacin treatment group and five subjects in the cefuroxime
treatment group) .

—
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...
Table 14.3.C

subjectb with Advar8e Events of Marked Severity: —

Subjects Bvalueble for Safety (Protocol M92-024)
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Twenty- four (9.9%) subjects in the levofloxacin treatment group and 19 (7.9%)
subjects in the cefuroxime axetil treatment group had adverse events considered
by the investigator to be dreg-related, i.e., probably or definitely related to
study drug. Drug-related adverse events reported by 21.0% of levofloxacin-treated
subjects were vaginitis (4.1%), nausea (2.5%), and diarrhea (1.6%). Drug-related
adverse events reported by kl.0% of cefuroxime axetil-treated subjects were
diarrhea (2.5%), taste penersion (1.7%), and vaginitis (2.0%). In general, the
profile of adverse events in these different subgroups was comparable to that
observed in the study population as a whole. However, the overall incidence of
adverse events was higher in the levofloxacin group than in the cefuroxime group
among women (59.8% vs. 51.0%) and lower in the levofloxacin group” than in the
cefuroxime group among men (44.6% vs. 51.8%) . The differences among women were
due primarily to dizziness and other adverse events in the central and peripheral
nenous system. In both treatment groups, there were relatively few reports of
dizziness among men. In addition, when comparing the two treatment groups across
different age groups, adverse events tended to be more prevalent in the

—
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levofloxacin group than in the cefuroxime group in the 46-64 year-old age group

(58.7% vs. 41.3%, due primarily to differences in central and peripheral nervcms
system events), but less prevalent in the levofloxacin group .tb in the
cefuroxime group among subjects 265 years of age (44.4% vs. 54.1%, due primarily
to differences in GI events and adverse events in the body as a whole) .

.-

14.4. Deaths or Discontinuations due to Adverse Events
Fifteen subjects discontinued the study drug due to adverse events, including
seven in the levofloxacin treatment group and eight in the cefuroxime axetil
treatment group. The treatment-limiting adverse event was considered serious or
potentially serious in one levofloxacin-treated subject *-dyspnea) and one
cefuroxime-treated subject syncope) . No deaths occurred during the study.

Table 14.4
Subjects who Discontinued due to Adverse Events:
Subjects Evaluable for Safety (Protocol M92-024)
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14.5. Serious or Potentially Serious Adverse Events

Nine subjects in the levofloxacin treatment group and five subjects in the
cefuroxime axetil treatment group reported a serious or potentially serious
adverse event during or up to approximately three weeks after completing study
therapy. TWO of the nine subjects who had serious or potentially serious adverse
events in the levofloxacin treatment group reportea the adverse
event after the posttherapy visit; these adverse events were not collected on the
CRF and thus are not included in the database for this individual study report
but do appear on the RWJPRI serious adverse event reporting database and in the
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pooled safety database for the NDA Integrated Safety Summary. Of the 14 subjects
with serious or potentially serious adverse events, two subjects withdrew frem
the study because of the adverse event. In all cases, the serious or _tially
serious adverse event was considered by the investigator to be unrelated or
remotely related to the study drug, and in most cases was attributed to the
subject’s underlying condition. .-

Table 14.5
Subjects with Sarious Adverse Events:

Subjects Evaluable for Safety (Protocol M92-024)
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14.6. Dosage Reductions and Concomitant Therapies
15 subjects had study drug therapy stopped due to adverse events, and 14 subjects
reported serious or potentially serious adverse events. Several of these
treatment-limiting adverse events and serious or potentially serious adverse
events required treatment with concomitant therapies. These cases are summarized
in Table 14.6, on the following page.
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.
Table 14.6

Subjects who Required Concomitant Therapy for Adverse EVents:
Subjects -alueble for Safety (Protocol M92-024)
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14.7. Clinical Laboratory Tests

14.7.1. Overall Changes

A summary of the mean changes from
laboratory analytes (blood chemistry
presented in Table 28. No summaries

admission to posttherapy for selected
and hematology) by treatment group is
are provided for basophils, monocytes,

bicarbonate, or urimlysis parameters. There were no clinically significant mean
changes from baseline for any laboratory analyte in the levofloxacin-treated or
cefuroxime axetil-treated group, with comparable results in both groups. A
Kolmogorov-Smirnov test was used to compare the two treatment groups with respect
to the cumulative distribution of percentage changes in laboratory test results
from admission to posttherapy. No statistically significant differences between -
the two treatment groups were obsezved except for a marginally significant
difference for uric acid (P=O.05). The clinical relevance of this finding is
unknown and will be further addressed in the Integrated Summary of Safety.

14.7.2. Individual Subject Changes
Summaries displaying the percentage of subjects with low, normal, or high values

(relative to the RWJPRI reference range) at admission and posttherapy and changes
from admission to posttherapy are presented for selected blood chemistry and
hematology laboratory tests. The distribution of subjects with low, normal, or
high values was comparable in the treatment groups at both the pretherapy and
posttherapy timepoints, and showed little change from pretherapy to posttherapy.
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Table 14.7.2
Means end Mean Changes frcxnAdmission to Posttherapy for Laboratory -lytes:
Subjecte XSvaluable for Safety with Data Available at Mmisaion and Posttherapy

(protocol M92-024)
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14.7.3. Marked Abnormalities

The laboratory values were classified as markedly abnormal according to standard
criteria developed by RWJPRI, which take into account the posttherapy value of
the analyte and the change or percentage change from admission. The incidence
of markedly abnormal test results for individual analytes within a given
treatment group for subjects who had admission data available was low (s2.2%) and
comparable across treatment groups. Twenty-nine subjects (12 in the levofloxacin
group and 17 in the cefuroxime axetil group) had a total of 33 markedly abnormal
test results after therapy start. Overall, six subjects in each treatment group
had abnormal glucose levels: two levofloxacin-treated subjects and five
cefuroxime axetil-treated subjects had increased glucose levels; four
levofloxacin-treated subjects and one cefuroxime axetil-treated subject had
decreased glucose levels. One subject in the levofloxacin group and four subjects
in the cefuroxime axetil group had markedly abnormal liver f~ction tests
(elevations in SGOT or SGPT). Three subjects in the levofloxacin group and six
subjects in the cefuroxime axetil group had ma~kedly abnormal hematol~ tests
(decreased neutrophils or lymphocytes).
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. .Table 14.7.3.B
Subjecta with Treatment -amergant Markedly Abno~l Laboratory V-s:

Subjects S2valuable for Safety (Protocol M92-024)
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14.8. Physical Examinations and Vital Signs ..

There were no clinically significant mean changesfrom admission to po?sttherapy
in levofloxacin-treated or cefuroxime axetil-treated subjects, with comparable
results in the two groups. There were also no clinically significant treatment-
emergent vital sign changes in significant treatment-emergent- -physical
examination abnormalities.

Table 14.8
Summary of Changes in Vital Signs From Admhsion to Posttherapy:

Subjects ~aluable for Safety (Study M92-024)
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15.Conclusions from Protocol M92-024:

15.1 Protocol design and implementation issues:
25.1.1. Protocol M92-024 has significant flaws in the protocol design including:

15.1.1.1. The protocol was a completely unblinded study. This is
particularly significant in light of the fact that all of the
endpoints are clinical and, thus, subjective and subject to bias by
both (1) observer/expectation bias from the investigator and (2)
reporting/recall bias in the patient reporting the symptomsl.

15.1.1.2. The windows for clinical evaluation at only the End-of-therapy
were inappropriate not in keeping with the IDSA guidelines and did
not include late follow-up to allow for a definitive test-of-cure
evaluation from which could be derived a stable point estimate for
the clinical cure rate. In this protocol, the EOT evaluation was
conducted too early to assess a stable cure rate and there were no
later EOS evaluations, as recommended by the lDSA Guidelines, to
assess (1) clinical failures (early relapses) resulting from partial
response to study drug or superinfection and (2) late relapses from
reinfection with the same organism or infection with another
organism.

15.1.1.3. Original windows for follow-up culture were too close to the
end of therapy to preclude suppression of regrowth by residual
antibiotic levels or post-antibiotic effect

15.1.1.4. Inadequate documentation of the patients baseline (clinical
syqtoms of chronic bronchitis in the absence of acute exacerbation)
clinical status to allow for accurate assessment of the clinical
categories of “cured- and “improved” at the posttherapy follow-up.
Since patient with chronic bronchitis are symptomatic in their
‘health~ baseline status, the accurate assessment of response to
therapy is dependent on ccaiparison of postthqrapy symptoms with the
patient’s baseline synqtans of chronic bronchitis in the absence of
an acute exacerbation.

15.1.1.5. There were multiple protocol amendments submitted during the
courme of the study, including deletion of the inclusion/exclusion
criteria from the evaluability critaria end deletion of the
poststudy clinical evaluation. The issue was raised by the Medical

Officer as to whether these changes were in response to protocol
violations by the investigators, but the 14edica2Team leader did not
feel that an investigation by the Division of scientific
Investigations was warranted at this time.

15.1.2. Protocol M92-024 has significant flaws in the protocol implementation
including:
15.1.2.1. Omission of culture of persistent sinus secretions at the

follow-up visits (both BOT and EOS), with weruse of the designation
of ~resumed ●radication” ‘in cases where documentation of
microbiologic outcome was possible.

15.1.2.2. Changes in drug dosage and duration were made during the course

‘Sackett DL. Bias in Clinical Research. J chr~ 32:51-63, 1979

—



\

of the study, indicating
worked out in Phase 2.

15.1.2.3. Changes in the days

223

that-dose-ranging had not been adequately
..

of the post-therapy follow-up+waluation
were made during the course of the study

15.1.2.4. The end-of-study evaluation was dropped from the protocol during
the course of the study, which was in violation ofi*he IDSA
Guidelines for follow-up after treatment for acute exacerbation of
chronic bronchitis

15.2. Efficacy Results:

15.2.1 Clinical Efficacy Results
The clinical cure rate of levofloxacin was statistically equivalent to
cefuroxime axetil in Protocol M92-040. The clinical cure rate for the
levofloxacin arm was 68% (134/196), and that for the cefuroxime axetil arm
was 67% (137/203), with the 95% confidence interval around the difference
being ~Ol,lgr(-10.5to 8.8k71,SB,. Thus , levofloxacin meets regulatory
criteria for approval for the treatment of acute exacerbation of chronic
bronchitis based on the demonstration of statistical equivalence to an
approved competitor. The clinical cure rate in the levofloxacin arm in
Protocol K90-070 was 65% (62/95), and, thus, was comparable to the 68%
clinical cure rate in the levofloxacin arm of Protocol M92-024.

The clinical success rate (clinically cured plus improved) of levofloxacin
was statistically equivalent to cefuroxime axetil in Protocol M92-040.
The clinical success rate for the levofloxacin arm was 95% (187/196), and .
that for the cefuroxime axetil arm was 93% (188/203), with the 95%
confidence interval around the difference being 203,1SS(-7.9to 2.3)~3t,~~t.
Thus , levofloxacin meets regulatory criteria for approval for the
treatment of acute exacerbation of chronic bronchitis based on the
demonstration of statistical equivalence to an approved competitor. The
clinical success rate in the levofloxacin arm in Protocol K90-070 was 95%
(187/196), and, thus, was comparable to the 68% clinical cure rate in the -
levofloxacin arm of Protocol M92-024.

The overall success rate (clinically cured or improved plus
microbiologically eradicated) of levofloxacin was statistically equivalent
to cefuroxime axetil in Protocol M92-040. The overall success rate for
the levofloxacin arm was 91% (106/116), and that for the cefuroxime axetil
arm was 86% (110/128), with the 95% confidence inte~al around the
difference being ~z8,,0~(-14.2to 3.~},,~lt. Thus , levofloxacin meets
regulatory criteria for approval for the treatment of acute exacerbation
of chronic bronchitis based on the demonstration of statistical
equivalence to an approved competitor. The overall success rate in the
levofloxacin arm in Protocol K90-070 was 93% (57/61), and, thus, was
comparable to the 68% clinical cure rate in the levofloxacin axm of
Protocol M92-024.

—
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15.2.2. Microbiologic Efficacy Results

Microbiologic eradication rates for levofloxacin for the pathogens requested-by
the sponsor in the proposed package labeling (S. pneumonia, H. Inflt?enzae, H.

parainfluenzae, M. catarrhalis and S. aureus) are above 75% in Protocol M92024.
In fact, the microbiologic rates for the pathogens other than S. aureus (s.
pneumonia, H. Influenza, H. Parainfluenzae, M. catarrhalis) are all-above 90%

in this protocol. S. aureus, on the other hand, had eradication rates of 75% in
this protocol. For S. pneumonia, H. Influenza, H. Parainflu~zae, M.

catarrhalis the 95% confidence internals for the difference between the
eradication rates of levofloxacin and comparator overlapped zero, indicating that
the two treatments were statistically equivalent in this regard. However,
because of the low numbers of individual isolates, the calculation of confidence
intervals around the difference in eradication rates was not possible for S.

aureus in Protocol M92-024. The eradication rat-s by individual pathogen are
discussed in greater detail and in conjunction with the eradication rates from
Protocol K90-070 in the Recommendations Section that follows this review.
---------------------------------------------------------------------------.---

15.3. Issues regarding microbial resistance to the fluoroquinolone

antibiotics:

The use of levofloxacin for the treatment of
bronchitis in the conmunity will, in general, be
organisms in which there could be pre-existing or

—

acute exacerbation of chronic
eqiric, thus, its coverage for
rapid development of resistance

may be suboptimal and may not be known with great accuracy.

15.3.1. Quinolone-resistance has been documented to occur rapidly in

Staphylococcus aureus.

Quinolone-resistance has been documented to occur rapidly in
Staphylococcus aureus, with methicillin-resistant S. aureus (MRSA)

developing resistance at a more rapid rate than methicillin-
sensitive S. aureus (MSSA). Ciprofloxacin-resistance in S. aureus is
well documented, with reports resistance developing ~ therapy
with these agents2. One study surveyed the development of
ciprofloxacin-resistance in methicillin-resistant S. aureus (MRSA)

in patients treated with the antibiotic for nonstaphylococcal
infections in a VA Medical Center. These authors reported that 79%
of MRSA isolates were resistant to ciprofloxacin one year after
introduction of the drug, and 91% of MRSA isolates were resistant to

.
‘ Daum TE, Schaberg DR. Increasing re.aiatanceof S. aureus to ciprofloxacin. ~

~ 34:1862-3, 1990; Blumberg SF!,Rimland D, et.al. Rapid development of
ciprofloxacin resistance in Methicillin-susceptible pnd mathicillin-resistant Sta~ylococcus
aureus. 163:1279-85, 1991; Mulligan ME, Ruane PJ, et.al. Ciprofloxacin for
eradication of methicillin-resistant Staphylococcus aureus colonization. AM J UO~~2
(SUPP1.4A):215-9, 1987; Piercy 2A, Barbaro D, et.al. Ciprofloxacin for methicillin-resistant
Staphylococcus aureus infections. 33:128-30, 1989; Scaefler S.
Methicillin-resistant etrains of Staphylococcus aureus resistant to the quinolon~a. ~

27:335-6, 1989; Shalit I, Berger SA. Widespread quinolone resistance amongmethicillin
resistant S. aureus. 33:593-4, 1989; Isaaca RD, Kunke PJ, et.al.

Ciprofloxacin resistance in epidemic methicillin-resistant S. aureus. ~ 2:843, 1988.

—



225

ciprofloxacin two years after introduction of the drug’. Piercy

et.al. reported development of resistance in 16% (6/37) of patients
who were being treated with ciprofloxacin for MRSA colon-ion and
Mulligan et.al. reported 32% (7/22) of treatment episodes were
associated with the development of ciprofloxacin-resistant MRSA
during the course of antibiotic therapy. Resistance among
methicillin-susceptible S. aureus (MSSA) has been less widespread
than with MRSA, but has still been reported5.

While the mechanism of resistance of S. aureus to quinolones is not
completely understood, there are authors who suggest that the rapid
emergence of ciprofloxacin resistance in S. aureus may be due to the
fact that a single-step point mutation alone can lead to high-level
resistances. For S. aureus, the frequency of alterations in DNA
gyrase caused by single-step mutations increases from 1 in 102 to 1
in 105 when bacteria are exposed to concentrations close to the
minimal inhibitory concentration. The frequency of single-step
mutation to fluoroquinolone resistance in S. aureus ranges from 1.5
xlo-5 at twice the MIC to <3.6 x 10 -12 at eight times the MIC; and
high level resistance occurs with serial exposure of bacteria to
increasing concentrations of fluoroquinolones’.

15.3.2. Quinolone-resistance has been documented to occur in

Streptococcus pneumoaiae. The mechanism for pneumococcal resistance
to the quinolones is also a one-step point mutation (single amino
acid substitution) in the DNA ~ase leading to high level
resistance. Quinolone resistance to ciprofloxacin is more
prevalent than resistance to ofloxacin, with one paper in 1992
reporting 95% of pneumococcal isolates susceptible to ofloxacin and

3
Blumberg HM, Rimland D. ~ 163:1279-85, 1991.

4
Piercy BA. ~ 33:128-30, 1989; Mulligan MS, Ruane PJ, et.al. m

~ 82 (SUPP1.4A) :215-9, 1987,

5
Scaefler S. ~ 27:335-6, 1989; Shalit I, Berger 2A. ~

~ 33:593-4, 1989; Isaacs RD. Kunke PJ, et.al. ~ 2:843, 1988; Daum TE, Schaberg DR.
. .

~ 34:1862-3, 1990.

6Blumberg HM, Rimland D. 163:1279-85, 1991; Osh.itaY, H.iramatsuK. A point
mutation in norA gene ia responsible for quinoloneresistancein Staphylococcus aureus. ~
~ 172:1028-34, 1990; Yoshida H, Bogaki M, et.al. Nucleotide sequence and
characterization of the Staphylococcus norA gene, which confers resistance to the quinolones. z

172:6942-9, 1990; Neu HC. Bacterial resistance to the fluoroquinolones. ~
IO(suppl.l):57-63, 1988; Sreedharan S, Oram U. DNA ~ase gyrA mutations in ciprofloxacin-
resistant straina of S. aureus: close similarity wi~h quinolone resistant mutations in E. colf. ~
~ 172:7260-2, 1990.
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7
Blumberg NM, Rimland D. 163:1279-85, 1991.

—

8
Piddock LJV, Wise R. The selection end frequency of streptococci with decreased

susceptibility to ofloxacin end the other quinolones. 22(suppl C) :45-51,

1988.
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only 68% of isolates susceptible to ciprofloxacing. However, it

should be noted that development of resistance to antimicrobial
agents is a time-dependent phenomenon, and that ciprof-cin has

been in use longer than ofloxacin. Data presented by the Center for

Disease Controlzo at the 35th Interscience Conference on

Antimicrobial Agents and Chemotherapy showed that there =ould be
significant development of resistance to ofloxacin in the period of
one year, such that the point prevalence for pneumococcal

intermediate resistance to ofloxacin was 1% in 1993 and 9.5% in
1994. However, it should be noted that there was no absolute
resistance detected in this study. Pharmacokinetic/pharmacod~amic

data have been used to attempt to predict the clinical efficacy of
antimicrobial agents against specific microorganisms. In the case of
the quinolone antimicrobial, the inhibitory quotient, defined as

the AUC/MIC ratio (the ratio of the Area Under the Concentration-
time Curve (AUC) of the antibiotic to the minimum inhibitory
concentration (MIC) of the S. pneumonia isolate) has been shown to
be predictive of clinical efficacy, with an AUC/MIC value of 40
being the breakpoint for S. pneumonaidl. Levofloxacin, being the

active isomer of ofloxacin, achieves higher blood level of the
active isomer, and thus has a better inhibitory quotient for S.
pneumonaie, as described in the table below. However, it should be

noted that the MIC90 of some strains of S. pneumonaie is now 24
mcg/mL for both ciprofloxacin and ofloxacin. At this higher MIC,

the inhibitory quotient for levofloxacin falls below the breakpoint
of 40. Thus , the margin for coverage of organisms with even a
marginal drift in MIC afforded even by the higher blood levels of
levofloxacin is borderline.

It should be noted that all these calculations are theoretical based
on the pharmacokinetic/pharmacodynamic data of these compounds. For
ofloxacin, there remains a discrepancy between the inadequacy of the
inhibitory quotients and the clinical efficacy, with the clinical
efficacy being better than would be predicted by the marginal
inhibitory quotient against S. pneuznonaie.

9
Jones RN, Reller ~, Rosati LA. Ofloxacin,-a new Broad Spectrum Fluoroquinolone:

Resulte from a MultiCenter, National Comparative Activity Surveillance Study. I)iaa.Mi~
15:425-34, 1992. —

10
Butler JCTHofman J, Elliot JA, et.al. Late breaking abatract. 35th ICAAC, San

Francisco, CA, September 17-20, 1995.

11
Dr. David C. Hooper . presented at the 3Sth ICAAC, San Francisco, CA, September, 1995-
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Table 15.3*A

Inhibitory quotiente against Streptococcus pneumonaie for

. .

meverald the

15.4. Issues regarding the CNS penetration of levofloxacin:
There is inadequate data regarding the CNS levels of levofloxacin. This
is particularly important in assessing the adequacy of this drug for
coverage against CNS seeding in bacteremic pneumococcal pneumonia.
However, also for CNS coverage in sinusitis (particularly S. pneumonia

and S. aureus, given that the venous drainage of the sinus is posterior
into the venous drainage of the C!NS.

According to the biopharmaceutics reviewer, the pharmacokinetics and
distribution of levofloxacin are comparable to that of ofloxacin, such
that extrapolation of the CSF penetration of ofloxacin to levofloxacin can
be used to calculate the theoretical CSF penetration of levofloxacin. The
CNS penetration ofloxacin is generally 40-50% of its blood level.

Theoretically, if the CNS levels of levofloxacin were 50% of the blood
levels of the drug, the inhibitory quotient (AUC/MIC) within the CNS for -
S. pneumonia (at an MIC of 2 MIC/mL) would be approximately 30, which is
below the breakpoint of 40 which correlates with clinically efficacy for
the quinolones. Thus , the coverage for S. pneumonia within the CNS
could, hypothetically, be marginal, particularly for pneumococcal
bacteremia. Again, this is based on a theoretical calculation using a
breakpoint calculated by Hooper for use win predicting “the clinical
efficacy of the fluoroquinolones. The reader is referred to Section
15.2.2. for a discussion of the use of the inhibitory quotient in
extrapolating pharmacokinetic/pha?nnacodynamic data to clinical efficacy.

—

—
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Recommendations for the Use of Levofloxacin in the Treatment of

Acute Exacerbation of Chronic Bronchitis:

1. Clinical Efficacy in the Treatment of Acute Exacerbation of

Chronic Bronchitis (Protocols K90-070 and M92-024): ‘-

Protocol K90-070 demonstrated that the clinical cure rate of levofloxacin (65%)
in the treatment of acute exacerbation of chronic bronchitis meets statistical
criteria for equivalence to the comparison arm of cefaclor (58%). Protocol M92-
024 demonstrated that the clinical cure rate of levofloxacin (68%) in the
treatment of acute exacerbation of chronic bronchitis meets statistical criteria
for equivalence to the comparison arm of cefuroxime axetil (67%). These results
are summarized in Tables I and II, below.

Table I
Clinical Response Rates by Protocol:

FDA Clinically Evaluable Subjects (Protocols K90-070 and MR92-024)

Levofloxacin Cefaclor (K90-070)
Cefuroxime axetil (M92-024)

Protocol
P Cure Imprwe Fail N Cure Improve Fail

K90-070 95 62 (65) 31 (33) 2 (2) 127 74 (58) 49 (39) 4 (3)

M92-024 196 134 (68) 53 (27) 9 (5) 203 137 (67) 51 (25) 15 (7)

Total 291 196 (67) 84 (29) 11 (4) 330 211 (64) 100 (30) 19 (6)

Numbers shown in parentheses are percentages for that category.
T&esults are presented for investigator with 10 or more evalusble patients in ●ach treatment

group. AU other investigators are combined under “other-.

Table II

Clinical Cure Rates and Confidence Intenrals By Protocol:
FDA Clinically Kvaluable Subjects (Protocols K90-070 and MR92-024)

Levofloxacin Cefaclor (K90-070)
Cefuroxime (M92-024) 95% Confidence

Protocol Internal’
w Cure N Cure

K90-070 95 62 (65) 127 74 (58) (-20.8, 6.8)

M92-024 196 134 (68) 203 137 (67) (-1O.5, 8.8)

Total 291 196 (67) 330 211 (64) (-10, 4)

Ylinical success is defined as either clinical cure or clinical improvement.
Vwo-sided confidence interval for the difference (ccxnpetitorminus levofloxacin - cefuroxime
minus levofloxscin) in clinical success rate.

—
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Protocol K90-070 demonstrated that the clinical success rate (defined as the
combined percentage of patients who were clinically cured or improved at the
posttherapy clinical evaluation) of levofloxacin (98%) in the treatmeik.of acute
exacerbation of chronic bronchitis meets statistical criteria for equivalence to
the comparison arm of cefaclor (97%). Protocol M92-024 demonstrated that the
clinical success rate of levofloxacin (95%) in the treatment. ~f acute
exacerbation of chronic bronchitis meets statistical criteria for equivalence to
the comparison arm of cefuroxime axetil (93%). These results are summarized in
Table III, below.

Table III
Clinical Success Rates and Confidence Intervals b

FDA Clinically -aluable Subjects (PrOt0c018 K90-070

Levofloxacin Cefaclor (K90-070)
Cefuroxime (M92-024)

Protocol
N* Success** N Success

K90-070 95 93 (98) 127 123 (97)
M92-024 196 187 (95) 203 188 (93)

Total 291 280 (96) 330 311 (94)

●N=Number of patients for that category

‘Protocol:
and MR92-024)

95% Confidence
Interval’

(-6.2, 4.1)

(-7.9, 2.3)

(-5, 1) I

●*Clinical su~cess is defined as eit~er-clinical cure or cliniCal improvement. ‘%’vo-sided confidence

intewal for the difference (competitor minus levofloxacin AND cefuroxime minus levofloxscin) in

clinical success rate,

Protocol K90-070 demonstrated that the overall success rate (defined as the
combined percentage of patients who were clinically cured or improved at the
posttherapy clinical evaluation PLUS had eradication of their admission pathogen) -

of levofloxacin (92%) in the treatment of acute exacerbation of chronic
bronchitis meets statistical criteria for equivalence to the comparison arm of
cefaclor (91%) . Protocol M92-040 demonstrated that the werall success rate of
levofloxacin (91%) in the treatment of acute exacerbation of chronic bronchitis
meets statistical criteria for equivalence to the comparison arm of cefuroxime
axetil (96%). These results are summarized in Table IV, on the following page.

.
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Overall Success Rates” and Confidence
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Inten?als by Proto=:

FDA Microbiologically AND Clinically Evaluable Subjects

Levofloxacin Cefaclor (K90-070) .-
Cefuroxbe (M92-024)

Protocol 95% Confidence
Overall Overall Intemala

w Success” N Success

K90-070 61 56 (92) 64 58 (91) (-12.7, 10.3)
M92-024 116 106 (91) 128 110 (86) (-14.2, 3.3)

Total 167 162 (97) 192 174 (91) (-7, 5)

Kwerallsuccessis definedas clinicalcureor improvementwithmicrobiologiceradication.
%esultsarepresentedforinvestigatorswith10 or moreevaluablepatientsin eachtreatmentgroup.
Allotherinvestigatorsare combinedunder“other”.
‘mumbersshownin parenthesesarepercentagesforthatcategory.
-o-sided confidencelntewal for the difference (cefaclor minus levofloxacin AND cefuroxime minus
levofloxacin) in overall success rate.

l%us, the data from Protocols K90-070 and M92-024 meet regulatory criteria for
equivalence in the comparison of levofloxacin to an approved comparator using
three definitions of successful treatment outcome. The Division is, therefore,
justified in recommending the use of levofloxacin for the treatment of acute
exacerbation of chronic bronchitis based on the clinical criteria of equivalence
to an approved comparator drug.

2. Microbiologic Efficacy in the Trea-nt of Acute lhcacerbation of Chronic
Bronchitis (Protocols K90-070 and M92-024):

2.1. Clinical Cure Rates by Pathogen:

Table V

Clinical Response for Subjects with Pathogens of Primary Interest:
FDA Clinically Bvaluable Subjects (Protocols K90-070 and M92-024)

t
Levofloxacin

Pathogen
r Cure -rove Fail w

Haamopbilus influanrae 54 33 (61) 19 (35) 2 (4) 50

Haamophilus parainf1uenzas 32 27 (84) 5 (16) o (o) 39

Moraxella (Branhamella)cstsrrhalia 30 18 (60) 10 (33) 2 (7) 30

Staphylococcus aureus 12 6 (50) 5 (42) 1 (8) 34

Streptococcus pneumonia 19 15 (79) 3 (16) 1 (5) 15

Numbers shown in parentheses are percentages for that category.

Cefaclor (lC90-070)
Cefuroxime (M92-024) I
Cure lImprove

24 (48)

I

24 (48)

28 (72) 8 (21)
20 (67) 6 (20)

24 (71) 7 (21)

12 (80) 3 (20)

~=number of subjects who had that pathogen alone or in combination with other pathogens.-

Fail I

J
2 (4)

3 (8)

4 (13)

3 (9)

o (o)

—

Table VI
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Clinical cure Ratas for Subjects with Pathogens of Primary Interest:
FDA Clinically Bvaluable Subjects (Protocols K90-070 and M92-024) -

Levofloxacin Cefaclor (K90-070)
Cefuroxime (2692-024) 95%

Pathogen Confidence
r Cure r Cure Intefial’

Haemphilus influenza 54 33 (61) 50 24 (48) (-32, 6)
ri4aIIopiYilus parainfluenzae 32 27 (84) 39 28 (72) (-31, 7)

Moraxella catarrhelia 30 18 (60) 30 20 (67) (-17, 31)

Smphylococcua aureus 12 6 (50) 34 24 (71) (-11, 53)

Streptococcus pneumonia 19 15 (79) 15 12 (80) (-26, 28)
*,..-t...-”“k--- <- -.-a”+L----. --- ..--”-....”-.6-W +h.+ “.+-”--,..!A,,UJGA.= -’,””,. *.A p-~=..bu=-=ia -*= y=.b=,.b-y.=- .“. ..-. -.P.==”., .

“N.number of subjects who had that pathogen alone or In combination with other pathogens.
‘two-sided confidence interval for the difference (cefaclor minus levofloxacin AND cefuroxime minus

levofloxacin) in microbiologic eradication rate.

2.2. Microbiologic Eradication Rates by Protocol:

Overall microbiologic eradication rates are listed by protocol in Table VII,

below. In both protocols, the 95% confidence intervals around the difference in
eradication rate (comparator minus levofloxacin) overlap zero, indicating

statistical equivalence of the two treatment arms for this outcome.

Table VII

Microbiologic Eradication Rates and Confidence Intervals by Protocol:

FDA MicrobiologicallY Evaluable Subjects (Protocols K90-070 and M92-024)

Levofloxacin Cefaclor (K90-070)
Cefuroxime (M92-024)

Investigator
w Eradicationb N Eradication

K90-070 - 61 57 (93)

II
65 58 (89)

M92-024 116 107 (93) 129 112 (87)

Total I 177 I 164 (93) I 194 I 170 (88)

IZesults are presented for investigators with 10 or more evaluable patients

95% Confidence
Internal’

(-15.6, 7.1)
(-13.8, 3.0)

‘(-11, 1)

in each treatment group.
?Q1 other investigators are combined umder “other”.

%umbers shown in parentheses are percentages for that category.
%wo-sided confidence intenfal for the difference (cefaclor minus levofloxscin AND cefuroxime minus

levofloxacin) in microbiologic eradication rate.

2.3. Microbiologic Eradication Rates by Pathogen:

Microbiologic eradication rates for tbe pathogens requested by the sponsor in the
proposed package labeling (S. pneumonia, H. Influenza, H. para@fluenzae, M.

catarrhalis and S. aureus) are above 75% in both protocol K90-070 and M92-024.
In fact, the microbiologic rates for the pathogens Otheg than S.’ aur-eus (S.
pneumonia, H. Influenza, H. Parainfluenzae, M. CdtdZThdliS) are all above 88%
in both protocols. S. aureus, on the other hand, had eradication rates of 75%

—
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in both protocols. In all cases, the 95% confidence intervals for the difference
between the eradication rates of levofloxacin and comparator overlapped zero,
indicating that there was the two treatments were statistically equivalent.

However, because of the low numbers of individual isolates, the calculation of
confidence intervals around the difference in eradication rates was not possible
for S. aureus, S. pneumonia, H. parainfluenzae, M. catarrhalis in Pro-tGcolK90-
070 and for S. aureus in Protocol M92-024. These results are summarized in

Table VIII, on the following page.

Table VIII

Microbiologic Eradication Rates by Pathogen Category and Pathogen:
FDA Microbiolouicallv Evaluable Subjects (Protocols %90-070 and M92-024)_——— .

Levofloxacin Cefaclor (%90-070)
Cefuroxime (M92-024) 95%

N Eradicated’ N Eradicated’
Confidence

Pathogen Category/Pathogen Intervalb

Pathogen Category

Gram-positiveaerobic pathogens 47 42 (89) 65 58 (89) (-12, 12)

Gram-negativeaerobic pathogens
193 181 (94) 202 182 (90) (-9, 1)

Total by pathogen 240 223 (93) 267 240 (90)’ (-2, 8)

Total by subject 177 164 (93) 194 170 (88) (-11, 1)

Pathogen

Haemophilus inflU=Zae 52 47 (90) 46 36 (78) (-26, 2)
Haamophilus psrainfluenzae 32 32 (100) 34 32 (94) (-14, 2)

Morsxella catarrhalis 30 30 (loo) 29 26 (90) (-21, 1)

staphylococcus aureus 12 9 (75) 34 31 (91) (-1O, 42)

Streptococcus pneumonia 18 16 (89) 15 15 (loo) (-3, 25) -
<.....-L----1----.- -.-a...+l--------..--.-.*.”-.+-w +hst -s*=”--

–munu7eAa UUVWJ1 AU pa.=.sk’.=.=- -..= p.=..=...=---- .“. . . . . ----=-., .

bA two-sided confidence interval for the difference (cefaclorminus levofloxacin AND cefuroxime minus
lewfloxacin) in microbiologic eradication rate was calculated for pathogens with 10 or more

-.

—

—

admission isolates in each treatment group.
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2.2. Microbiologic eradication rates of levofloxacin for individual

pathogens isolates from patients with acute exacerbation of

chronic bronchitis:

2.2.1 Streptococcus pneumozdae:
The total number of isolates of Streptococcus pneumoblrae from
levofloxacin-treated patients was 18: 8 in K90-070 and 10 in M92-024. The
eradication rate of Streptococcus pneumonia in levofloxacin-treated
patients was 88% in Protocol K90-070 and 90% in Protocol M92-024. In
addition, the 95% confidence interval for the difference in eradication
rates between levofloxacin and cefuroxime (Protocol M92-024) overlapped
zero, indicating statistical equivalence. ‘l?hus,although the total number
of isolates is suboptimal, the absolute and relative eradication rates all
support the inclusion of this organism in the labeling. However, the
issues surrounding the resistance of this organism to the quinolone
antibiotics need to be considered, since the use of this antibiotic in
general medical practice for the treatment of acute exacerbation of
chronic bronchitis will, in general, be empiric.

2.2.2. Haemophilus influenza:
The total number of isolates of Haemophilus influenza from levofloxacin-
treated patients was 52: 12 in K90-070 and 40 in M92-024. The eradication
rate of Haemophilus influenza in levofloxacin-treated patients was 92% in
Protocol K90-070 and 90% in Protocol M92-024. In addition, the 95%
confidence intervals for the difference in eradication rates between

(l)levofloxacin and cefaclor in Protocol K90-070 and (2) levofloxacin and
cefuroxime in Protocol M92-024 both overlapped zero, indicating
statistical equivalence. Thus, the total number of isolates is adequate,
and the absolute and relative eradication rates all support the inclusion
of this organism in the labeling.

2.2.3. Haemophilus paraiafluenzae:

The total number of isolates of Haemophilus parainfluenzae from
levofloxacin-treated patients was 32: 4 in K90-070 and 28 in M92-024. The
eradication rate of Haemophilus influenza in levofloxacin-treated
patients was 100% in Protocol K90-070 and 100% in Protocol M92-024. In
addition, the 95% confidence internals for the difference in eradication
rates between levofloxacin and cefuroxime in Protocol M92-024 overlapped
zero, indicating statistical equivalence. Thus , the total number of
isolates is ade~te, and the absolute and
support the inclusion of this organism in

2.2.4. Moraxella catarrhalis:
The total number of isolates of IYoraxella
treated patients was 30: 10 in K90-070 and

relative eradication rates all
the labeling.

catarrhalis from levofloxacin-
20 in M92-024. The eradication

rate of Moraxella catarrhdis in levofloxacin-treated patients was 100% in
Protocol K90-070 and 100% in Protocol M92-024. In addition, the
ecmfidence intenals for the difference in eradication rates between
levofloxacin and cefuroxime in Protocol M92-024 overlapped zero,
indicating statistical equivalence. TINIS,the total number of isolates is

—
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adequate, and the absolute and
inclusion of this organism in

2.2.5. Staphylococcus aureus:

relative eradication rates all support the
the labeling.

The total number of isolates of Staphylococcus aureus from levofloxacin-
treated patients was 12: 4 in study K90-070 and 8 in study M92424. The
eradication rate of Staphylococcus aureus in levofloxacin-treated patients
was 75% in Protocol K90-070 and 75% in Protocol M92-024. In addition, the
9!5%confidence intervals for the difference in eradi=tion rates between
levofloxacin and cefuroxime in Protocol M92-024 overlapped zero,
indicating statistical equivalence. Thus, although the eradication rate
for S. aureus in one protocol is statistically equivalent to comparator,

the total number of isolates is suboptimal and the absolute eradication
rates are borderline. The inclusion of this organism in the labeling is

equivocal.

In summary, given the eradication rates in the NDA database, the Division is
justified in granting H. influenza, H. parainfluenzae, S. pneumonia and M.

catarrhalis for the product labeling in the indication of acute exacerbation of
chronic bronchitis. The number of isolates of these four organisms is adequate
to assess the eradication rates for all of these organisms with the exception
of S. pneumonia. only 18 isolates of S. pneumonia were obtained in the
combined protocols, and this is borderline, though not entirely unacceptable, for

, assessing an eradication rate for this organism. The medical officer will defer
to the team leader in granting S. aureus for the labeling, because of the low
number of organisms and the borderline absolute eradication rates. The team
leader may wish to recommend a repeat study with adequate numbers of S. aureus

for inclusion of this organism in the labeling, but this must be continent upon
follow-up suneillance for resistance to this organism, as discussed below. The
extensive discussion above regarding the resistance of both S. aureus and S.
pneumonia to quinolone antibiotics emphasizes the Medical Officer’s concerns
regarding the long term efficacy of levofloxacin for this indication.

3. Subsequent clinical study for the treatment of Staphylococcus

aureus in acute exacerbation of chronic bronchitis:
The medical officer considers the data to support a claim for the treatment of
AECB resulting from infection with Staphylococcus aureus to be marginal. This
is based on the following reasons: (1) the low eradication rates of S. aureus
to levofloxacin documented in this database, (2) the low number of isolates of
S. aureus in these two protocols (3) the rapid development of resistance (at
times during therapy) of S. aureus to the other Winolones. If the sponsor would
like S. aureus included in the label for this indication, the Medical Officer
recommends a rigorous stisequent study rigorous characterization of the
microbiology of clinical and microbiologic failures to assess for the development
of resistance in S. aureus during the course of therapy.

–,
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4. Phase 4
resistance

agreement requiring

to levofloxacin:

surveillance for the development of

The extensive discussion above regarding the resistance of both S. aureus and S.
pneumonia to these agents emphasizes the medical officer’s concerns regarding
the long term efficacy of levofloxacin for this indication. The Medica~ officer
would recommend that a condition of the approval be a Phase 4 surveillance
program to document the development of resistance to this antimicrobial so that
product labeling can be updated accordingly.

4.1.

4.2.

Streptococcus pneumonia:
According to a DAIDP advisory committee recommendation in
there exist significant concern about the resistance of S.

October 1991,
pneumonaie to

the quinolone antibiotics, such that there was a recommendation of a
labeling change warning of the development of resistance in S. pneumonia
and recommending that the “quinolones not be used as first line agent for
the treatment of infection due to presumed or confirmed [pneumonia] S.
pneumonaie” . AS per the discussion of inhibitory quotients of several of
the quinolone antibiotics for S. pneumonaie, there does not exist a large

safety margin for levofloxacin in regards to the achievable blood levels
(AUC) and the MIC of this organism. In addition, the eradication rate of

S. pneumonia in both Protocol K90-070 and Protocol M92-024 is below the
historic susceptibility rate of 95% for ofloxacin against S. pneumonia.

Since granting S. pneumonia as a pathogen requires that the Division
overturn a recommendation of this advisory committee, the Medical Officer
would thus recommend some type of post-marketing surveillance for the
development of resistance in this organism.

Staphylococcus aureus:

Although the Medical Officer cannot recommend without resonation the use
of levofloxacin for the treatment of acute exacerbation of chronic
bronchitis due to S. aureus, the use of this antibiotic for the treatment -
of this indication will generally be empiric, and, therefore, involve

empiric coverage of this organism. Thus, the development of resistance

in this organism is important to the labeling regardless of whether or not
S. aureus is included in the labeling, as this drug will most frequently
be used empirically in the treatment of community-ac@ired acute
exacerbation of chronic bronchitis.

—
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Medical Officer’s Review of NDA 20-634

Levaquin” (levofloxacin) Tablets

Medical Officer’s Review of NDA 20-635

Levaquin” (levofloxacin) Intravenous Injection

Indication: Community-acquired Pneumonia
.-

1. ~v h
.

the United Stat= :
1.1. K90-07L : A multicenter, randomized, open-label

study to compare the safety and efficacy of levofloxacin (488 mg
PO or 500 mg IV QD for 7-14 days) with ceftriaxone sodium (1 GM IV
q12h or 2 GM IV q24h for 7-14 days) OR cefuroxime axetil (500 mg
PO BID for 7-14 days) in the treatment of community acquired
pneumonia in adults

1.2. Studv M92-075 : A multicenter, noncomparative, open-label

study to evaluate the safety and efficacy of levofloxacin (5OO mg
PO or IV QD for 7-14 days) in the treatment of community acquired
pneumonia in adults

2. ortive Forezun
. stlady:

2.1. 33551?-CLN025 : Multicenter, double-blind,
randomized, active-controlled study comparing levofloxacin (300 mg
PO QD for 7 days) with levofloxacin (300 mg PO BID for 7 days)
with amoxicillin (1 GM PO TID for 7-14 days) in the treatment of
community acquired pneumonia in adults

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Protocol: Stud~ K90-074 :
Study Title:
A multicenter, randomized, open-label study to compare the safety and efficacy
of levofloxacin (488 mg PO or 500 mg IV QD for 7-14 days) with cefuroxime (5OO

, mg PO BID for 7-14 days) OR ceftriaxone sodium (1 GM IV BID or 2 GM IV QD for 7-
14 days) in the treatment of community-acquired pneumonia in adults

Study dates: DATE STUDY INITIATED: November 11, 1992

DATE STUDY COMPLETED: January 25, 1995.

1. Study Objective:
The objective of this study was to compare the safety and efficacy of 488 mg
levofloxacin administered orally, or_ 500 mg levofloxacin administered
intravenously, once daily, for a total of 7 to 14 days with that o% ceftriaxone
sodium, 1 to 2 grams administered intravenously once or twice da~ty, or 500 mg
cefuroxime axetil administered orally twice daily for a total of 7 to Ij days,
in the treatment of community-acquired pneumonia in adults.
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2. Protocol design:
This was a randomized, open-label, active-control, multicenter study designed tu
evaluate the safety and efficacy of levofloxacin compared with ceftria.xaaesodium
or cefuroxime axetil in the treatment of community-acquired pneumonia. This
study was conducted in the United States and Canada. Approximately 528 adult
subjects were to have been enrolled to ensure clinically evaluable data from a
minimum of 366 subjects (183 subjects per treatment group) . Enrollment could
continue until sufficient numbers of evaluable subjects with infections due to
critical pathogens had entered. Subjects were assigned randomly to receive either
levofloxacin 488 mg orally or 500 mg intravenously, once daily for 7 to 14 days,
or one of the two following comparative agents: ceftriaxone sodium 1 to 2 grams
given intravenously once a day or in equally divided doses twice a day, but not
to exceed 4 grams/day, or cefuroxime axetil 500 mg orally twice daily.

2.1 Randomization:

The randomization of the protocol was accomplished by a computer-generated
schedule prepared by RWJPRI and supplied to each investigator. The
schedule was generated using random permuted blocks of four and stratified
by study center to assign subjects in equal numbers to receive either
levofloxacin or ceftriaxone sodium/cefuroxime axetil on an open-label
basis. Subjects received an identification number in consecutive order of
study entry. Rosters of potential subjects were to be maintained by the
investigators and were to be designed to document that subjects were
neither enrolled in the study nor preferentially assigned to either
treatment arm on the basis of disease severity.

2.2. Study drug administration and treatment duration

2.2.1. Study drug administration and treatment duration for

levofloxacin and comparator

Treatment with either study drug or comparator was to continue for 7 to 14

days, as clinically indicated. Subjects treated with intravenous -
levofloxacin could have been switched to oral levofloxacin at any time at
the discretion of the investigator. Likewise, subjects treated with
parenteral ceftriaxone sodium could have been switched to oral cefuroxime
axetil and at any time during the study at the discretion of the
investigator. The total duration of therapy on either the levofloxacin or
comparative regimen was not to exceed 7 to 14 days. If, in the opinion of
the investigator, a subject required a longer duration of therapy, the
subject could have been continued on the same study drug without any break
in dosing. The investigator was to contact the RWJPRI medical monitor for
approval to extend therapy in such cases. AS further described below, the
dosing regimens described above represent amendments to the original
protocol which did not include an intravenous formulation of levofloxacin
and allowed for a lower total daily dose of ceftriaxone sodium.

2.2.2. Study drug administration and treatment du_ration for

antimicrobial added to the comparator arm for coverage of

atypical pathogens
—

,
If M. pneumonia or C. pneumonia were suspected in subjects randomized

—
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2.3.

to receive
administered

added to the

one of the comparative therapies, erythronxyciri 500 mg

orally or intravenously four times daily could have been

treatment regimen. Xf Legionella was suspected, erythromycin

0.5 to 1 gram, administered orally or intravenously four times daily could
have been added to the treatment regimen. If routine cultures performed at
admission for subjects receiving comparative therapies failed to.reveal an
organism and/or the subject had a suspected atypical pathogen (M.
pneumonia, C. pneumonia, or L. pneumophila), erythromycin 500 mg taken
orally, or 0.5-1 gram given intravenously, may have been added four times
daily. Subjects randomized to treatment with levofloxacin were not to
receive erythromycin. Subjects randomized to a comparative treatment who
were not able to tolerate erythromycin could have been treated with
doxycycline at an appropriate dose. As with levofloxacin and ceftriaxone,
subjects treated with parenteral erythromycin could have been switched to
oral erythromycin at any
investigator.

Clinical Assessment:
The protocol defined the

time during

window for

the study at the discretion of the

assessment of posttherapy clinical
progress and any adverse events was to have been the 5-7 Days Posttherapy
visit. However, the window for posttherapy evaluation was broadened by
amendment to the original protocol to include any visit from 1-10 day
posttherapy. Other evaluations included: physical examination; culture
and Gram stain of respiratory specimens, if possible; chest X-ray; and
collection of samples for hematology, serum chemistry, serology and
urinalysis. Additionally, two specimens for blood culture were to have
been collected for any subject who had positive cultures at admission.
Subjects who had an infiltrate on the admission chest X-ray but negative
routine cultures were to have been followed up at a poststudy visit (21 to
28 days posttreatment). Convalescent serologies were to have been
obtained. Subjects in whom a persistent infiltrate (no documented
improvement from the baseline chest X-ray) was noted on the posttherapy
chest X-ray and/or subjects with persistent symptoms or relapse at the
follow-up telephone contact were to return to the site 21 to 28 days
posttherapy-for assessment, which consisted of the following: vital signs,
culture and Gram stain of respiratory specimens, chest examination for
clinical signs of pneumonia, chest X-ray, clinical response assessment.
Efficacy evaluations, included assessments of clinical signs and symptoms,
clinical response (assessed as cured, improved, failed, or unable to
evaluate at posttherapy and as cured, improved, relapsed, or unable to
evaluate at poststudy) and microbiologic response by pathogen (assessed as
eradicated, persisted, persisted with acquisition of resistance or
unknown) and by infection(assessed as eradicated, persisted, or unknown).
Clinical symptoms were to be recorded as present or absent after
completion of therapy (five to seven days posttherapy) . Clinical symptoms
were also to be recorded as present-or absent by the investigator at the
telephone contact 21 to 28 days after the end of therapy. Po~ttherapy and
poststudy microbiologic response was to be assessed by The R.W. Johnson
Pharmaceutical Research Institute (RWJPRI).— Safety evaluations included
the assessment of treatment-emergent adverse events; laboratory tests of
hematology, blood chemistry, and urinalysis; and physical examinations

—
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including vital sign measurements.

2.4. Protocol Amendments
The study protocol was amended several times after the study was
initiated. The first amendment, dated March 3, 1993, added an intravenous
formulation of levofloxacin and, thus, deleted the requirejnent that
subjects were to have been appropriate candidates for oral therapy only.
In addition, changes were made as follows:

(I) the requirement that subjects have clinical signs and symptoms of community-acquired
pneumonia was changed to clinical signs and symptoms of lower respiratory tract
infection and initial chest X-ray compatible with pneumonia;

(ii) exclusion criteria were expanded to include infection due to mycobacteria, subjects with
empyema, and subjects with HIV infection and a CD4 count <200, while the existing
criteria of suspicion of septic shock and use of tranquilizers were deleted from the
exclusion criteria;

(iii) the ceftriaxone sodium regimen was changed from I gram iv. every 12 hours or 2 grams
l.v. every 24 hours to 1 to 2 grams given once daily or equally divided doses given
twice daily end it was clarified that the dose was not to exceed 4 grams/day;

(iv) collection of samples for peak and trough levofloxacin plasma levels at selected sites
was deleted;

(v) diagnostic criteria for atypical pathogens were added;
(vi) the requirement for collection of a plasma sample in the event of a serious adverse

event was added;
(vii) the requirement that Ery-teb a have been the erythromycin formulation used was deleted,

and provisions were made to include intravenous erythromycin as well as the oral
regimen;

(viii) dosage adjustment in the presence of renal impairment was clarified;
(ix) C. pneumonia was added as an atypical pathogen to have been studied;
(x) biopsies and pleural fluid were added as acceptable media for culture for admission

procedures and the requirement for PT and PTT determination for subjects receiving
anticoagulant therapy was specified;

(xi) the requirement for three specimens for blood culture was changed to two (preferably
three);

(xii) requirement of theophylline blood levels for subjects receiving this therapy was
deleted;

(xiii) provision was added to allow for dosing of subjects with suspected L. pneumophila with
erythro~cin O.S to I gram iv. four times dsilY;

(xiv) an acceptablesecond systemic antimicrobial agent was changed frcm zidovudine (l#r) to
antiviral agent;

(=) a provisick was added to allow subjects without an isolated pathogen at admission or a
pathogen resistant to study drug(s) to continue if clinical improvement was noted;

(mi) the requirement for an on-study chest X-ray was deleted and the need for a repeat
poststudy chest X-ray was changed frcm “if indicated” to “required” fqr subjects with
a significant infiltrate on posttherapy X-ray and qualified as ‘if indicated” for
subjects followed poststudy for serology;

(xvii) the requirement of a repeat DNA probe for M. pneumonia at both the posttherapy and
poststudy evaluation was deleted;

(niii) severity of admission diagnoais was to have been recorded on the potential subject
roster;

(xix) resistance to study drug was added as a reason a subject would have been considered
unevalueble for microbiologic efficacy;

The second protocol amendment, dated October 5, 1993, changed the dosing
instructions to allow for the treatment of inpatients with the oral
formulations; the minimum of three days of iv. therapy was_deleted. The
collection of cost-efficacy data was added. In addition, changes were made
as follows: —

(i) clarification that the requirement of a blood sample for the determination of
levofloxacin levels to have been drawn at the time of a serious adverse event was for

—
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—.

subjects assigned to receive levofloxacin;
(ii) a requirement to obtain samples for hematology, serum chemistry, and urinalysis was

added to the on-therapy evaluation;
(iii) the definition of “unable to evaluate” for clinical response was changad&y adding

‘subject lost to follow-up and not returning for posttherapy or poststudy
evaluation”;

iv) evaluability criteria were modified to state casea of polymicrobial infection with at
least one pathogen suaceptlble to the assigned study drug could have bean-considered
evaluable and requirements for a subject to have been considered for microbiologic
efficacy ware clarified:

(vI a positive DFA test, urinary antigen detection test, or DNA probe test could have been
considered diagnostic of infection due to L. pneumophila

(vi) specifics of “clinical picture consistent with Pneumoniam were defined in the inclusion
criteria;

(vii) the following were deleted as exclusion criteria: conditions requiring thoracic
surgical procedure or suspected septic shock, infection acquired in an institutional
setting other than a hospital, and tuberculosis;

(viii) admissionspecimens for blood culture were specified as having been applicable to
hospitalized subjects;

(ix) a change was made allowing for subjects receiving ceftriaxone sodium to have been dosed
twice daily, if clinically indicated;

(x) posttherapy evaluation was changed to indicate repeat serologies for M. pneumonia, L.
pneumophila, and C. pneumonia were required for all subjects, while culture and Gram
stain of respiratory specimens were to have been done, if possible;

(xi) the requirement of a poststudy chest X-ray for subjects being seen only to obtain
convalescent serologies was deleted;

(xii) susceptibility data for C. pneumonia were added;
(xiii) provisions for enrolling subjects who had received prior antimicrobial therapy were

defined;
(xiv) allowance was made for subjects receiving a comparative therapy who required an

additional therapy to have been treated with doxycycline, if they were unable to
tolerate erythromycin;

(xv) required urinary antigen detection test for L. pneumophila at admission was added for
all subjects;

(xvi) documentation of eligible subjects was added to the potential subject roster;
(xvii) provlsicmwasmade for adjustment of ezythromycin, doxycycline, and cefuroxime axetil

dosages for subjects with renal impairment;
(xviii) requirement for DFA confirmation (Legionella) was replaced by nonculture methods;
(xix) minimum inhibitory concentration (MIC) end disk zone requirements for increased doses

of levofloxacin were deleted;
(xx) the BIICand inhibition zone diameter for H. influenza were specified.

The protocol was amended for a third time on March 9, 1994, to clarify
provisions ‘for enrollment of subjects who received or failed previous

nonstudy antimicrobial therapy and to further clarify the exclusion
criteria regarding subjects with seizure disorders or unstable psychiatric
conditions. In addition, the definition of the clinical” response of
l’improvedr’was modified to clarify that subjects who required additional

antimicrobial therapy could not have been considered clinically improved
and the definition of “unable to evaluate” was further clarified, as was
the provision for contacting the RWJPRI medical monitor before extending
therapy. Several changes in evaluability criteria for the efficacy
analysis were also made:

(1) Specification that subjects with clinical failure receiving greater than 48 hours but
fewer then five days of therapy could have been considered evaluabie;

(ii) requirement that bacteriologic cultures have been obtained between 1-LQ days PT rather
than 2-9 days PT for subjects to have been evalueble;

(iii) omission of the provision that subjects who had taken study drug for more then 20 days
(unless due to a persistent pathogen) or who failed to meet specific entrance
criteria would have been excluded from the efficacy analysis;

(iv) deletion of resistance to study drug as a criterion for classifying a subject as

—
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microbiologically unevaluable;
(v) subjects receiving doxycycline in accordance with the protocol ware defined as evaluable.

-.

—

—
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3. Diagnostic criteria:

3.1. Clinical: The diagnosis was based on having had at least - of the
following signs and symptoms of community-acquired pneumonia:

- fever (oral temperature >38 C or 100.4 F or rectal - -
temperature 239 C or 102.2 F)

- cough
- production of purulentsputum (<10 epithelial cells and >25

WSC per low power field)
- chest pain
- shortness of breath
- evidence of pulmonary consolidation on physical examination

(rales on auscultation, dullness to percussion, or
●gophony).

3.2. Radiographic: chest X-ray showing an infiltrate compatible with
acute infection

3.3. Microbiologic: culture of purulent sputum (c1O epithelial cells and
>25 WBC per low power field)

4. Inclusion and exclusion criteria:

Subjects may have been included in the study if they satisfied the following
inclusion and exclusion criteria, as outlined in Sections 4.1 and 4.2,
respectively.

4.1. Inclusion criteria:
There were multiple revisions to the inclusion criteria during the course of the
study, and these changes are outlined in chronological order in the following
paragraphs.

4.1.1. Inclusion criteria as per Original Protocol dated

June 10, 1992:
Subject must-havebeen at least 18 years old with clinical signs and symptoms of
community-acquiredpneumonia includingchest X-ray with an infiltratecompatible
with acute infection, gram stain revealing numerous neutrophils and few or no
squamous epithelialcells.

4.1.2. Inclusion criteria as per Amendment #1 dated March 3, 1993:
Subject must have been at least 18 years old with clinical signs

a lower respiratory tract infection and an initial cheat X-ray

acute pneumonia

4.1.3. Inclusion criteria as per Amendment #2 dated

October 5, 1993:

and symptoms of

compatible with

The inclusion criteria in Protocol Amendment #2 were unchanged -from Protocol

Amendment #1, dated March 3, 1993.

4.1.4. Inclusion criteria as per Amendment #3 dated Mar;h 9, 1994:
The inclusion criteria in Protocol Amendment #3 were unchanged from protocol

Amendment #2, dated October 5, 1993.

—
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4.2. Exclusion
A subject was to
criteria were met.
the course of the
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criteria:
have been excluded from the study if any of the~clusion
There were multiple revisions to the exclusion criteria during
study, and these changes are outlined in chronological order

in the following paragraphs. .-

4.2.1. Exclusion criteria as per Original Protocol dated

June 10, 1992:

4.2.2.

previous allergic or serious adverse reaction to any member of the quinolone or
cephalosporin classes of antimicrobial, or a severe reaction to penicillin

diagnosis of cystic fibrosis, tuberculosis, or an infection due to fungus,

parasite, virus, or other organism resistant to either study regimen

severe renal failure

presence of neutropenia

high likelihood of death during the course of study

presence of any seizure or major psychiatric disorder

pregnant women or nursing mothers.

Exclusion criteriaas per Amendment #1 dated March 3, 1993:
previousallergicor seriousadversereactionto any member of the quinolone or

cephalosporinclassesof entimicrobials,or a severe reactionto penicillin
diagnosis of cystic fibrosis, tuberculosis,or an infection due to fungus,

parasite, virus, mycobacteria or other organism resistant to either study

regimen

Conditions requiring a thoracic surgical procedure (e.g., empyema)

Severe renal failure (creatinine clearance c 20 mL/min)

Presence of neutropenia (< 500 PMN’s/mm3)

High likelihood of death during the course of the study

Infection acquired in a hospital

Subjects with septic shock

Stipulations for use of a second systemic antimicrobial regimen with the

levofloxacin treatment regimen: Subjects who develop bacterial _

pneumonia while receiving AZT or a systemic antifungal or antiviral
agent were eligible for study entry and may continue these
medications.

History of any seizure disorder or major psychiatric disorder requiring
the administration of major tranquilizers

Subjects with ~yema
pregnant women or nursing mothers.
Use of an investigational agent within 30 days prior to entry into the

study
Previous treatment under this protocol.
Subjects with HIV infection and CD4 count <200.
Reasons why any subjects were not enrolled must have been documented on

the Potential Subject Roster.

—
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4.2.3. Exclusion criteria as per Amendment #2 dated

October 5, 1993:

4.2.4.

previous allergic or serious adverse reaction to any me- of the
quinolone or cephalosporin classes of antimicrobial, or a severe
reaction to penicillin

diagnosis of cystic fibrosis, tuberculosis, or an pulmonary-tifection
due to fungus, parasite, virus, ~cobacteria or other organism
resistant to either study regimen

severe renal failure (creatinine clearance c 20 mL/min)
presence of neutropenia (c 500 PMN’s/mm3)
high probability of death during the course of study
history of any seizure disorder or major psychiatric disorder
pregnant women or nursing mothers.
Infection acquired in a hospital or other institutional setting
Stipulations for use of a second systemic antimicrobial regimen with the

levofloxacin treatment regimen: Subjects who develop bacterial
pneumonia while receiving AZT an antifungal or antiviral agent were
eligible for study entry and may continue these medications.

History of any seizure disorder or major psychiatric disorder
Subjects with empyema
Pregnant women or nursing mothers
Use of an investigational agent within 30 days prior to entry into the

Study

Previous treatment under this protocol.
Subjects with HIV infection and CM count c200.

Exclusion criteria as per Amendment #3 dated March 9, 1994:
previous allergic or serious adverse reaction to any member of the quinolone or

cephalosporin classes of antimicrobial,
diagnosis of cystic fibrosis, tuberculosis,

fungus, parasite,virus, Z3ycobacteriaor

study regimen
severe renal failure
presence of neutropenia (< 500 PMN’s/mm’)

or a severe reaction to penicillin

or an pulmonary infection due to

other organism resistant to either

high probability of death during the course of study
history of any seizure disorder or major psychiatric disorder
Presence of seizure disorder
Unstable psychiatric conditions.
pregnant women or nursing mothers.
Infection acquired in a hospital

Stipulations for use of a second systemic antimicrobial regimen with the
levofloxacin treatment regimen: Subjects who develop bacterial pneumonia
while receiving AZT or an antifungal or antiviral ●gent were eligible for
study entry and may continue these medications.

Presence of any seizure disorder or major psychiatric disorder requiring
the administration of major tranquilizers

Unstable psychiatric conditions -

Subjects with empyema
Pregnant women or nursing mothers

—

Use of an investigational agent within 30 days prior to entry into the
study

—.

Previous treatment under this protocol.
Subjects with HIV infection and CD4 count <200.

—
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5. Dosage and Administration:

5.1. Study Drug Administration:

5.1.1. As per Original Protocol dated June 10, 1992:
Equal numbers of subjects were to have been assigned to each treatment
regimen according to a computer-generated randomization schedule ~repared
by the sponsor. The following two regimens were to have been utilized:

1. Levofloxacin 488 mg (5 x 97.6 mg tablets) PO q24h for 7-14 days
2. Ceftriaxone sodium 1 gm IV q12h or 2 gm IV q24h for 7-14 days (for

those subjects enrolled as inpatients)OR Cefuroxime axetil 500 mg PO
q12h for 7-14 days (for those subjects enrolled as outpatients)

- Durationof ceftriaxone sodium therapy was to have been a minimum of three days. The

- For

- For

subject may then have been placed on cefuroxime axetil 500 mg (2 x 250 mg tablets)
PO q12h for the remainder of therapy, if clinically indicated.

those subjects receiving levofloxacin who had pathogens isolated with an MIC greater
than 1.0 mcg/mL but less than or ●qual to 4.0 mcg/mL (or zone size greater than or

e~al to 13 ~ but less tti 18 MM forbothofloxecin end levofloxacin disks) and/or
who were not clinically improving, the dosage may have been increased to 488 mg PO
or 500 mg 2V q12h.

those subjects receiving the comparative therapies, Ery-Tabe (Abbott Laboratories,
North Chicago, IL) Erytbro%ycin 500 mg ZV or- PO qid-may have been added, if M.
pneumonia, L. pneumophila, or C. pneumoniae was suspected. If Legionella pue~pbila
was suspected, ●rytbromycin 0.5-1 gm ZV qid may have been ●dded. If these pathogens

were confirmed by culture or by DFA (Legionella), these subjects may have been
continued on erythromycin alone.

- Outpatient subjects randomized to the active-control regimen were to have received
cefuroxime exetil 500 mg PO q12h for the duration of therapy.

5.1.2. As per Protocol Amendment #1 dated March 3, 1993:

Equal numbers of subjects were to have been assigned to each treatment
regimen according to a computer-generated randomization schedule prepared
by the sponsor. The following two regimens were to have been utilized:

1. Levofloxacin 488 mg (5 x 97.6 mg tablets) PO q24h for 7-14 days (for
those subjects enrolled as outpatients) OR Levofloxacin 500 mg IV
q24h for 7-14 days (for those subjects enrolled as inpatients). The
intravenous levofloxacin was to have been diluted in 80 mL D~W

(dextrose) to achieve a total volume of 100 mL for infusion over a
period of one (1) hour. Duration of levofloxacin IV therapy was to
have been a minimum of three days. The mbject may then receive
levofloxacin 488 mg PO q24h for the remainder of therapy, if
clinically indicated.

2. Ceftriaxone sodium 1 gm IV q12h or 2 gm IV q24h for 7-14 days 1 to 2
grams given once a day or in ●qually divided doses twice a day (for
those subjects enrolled as inpatients)OR Cefuroxime axetil 500 mg PO
q12h for 7-14 days (for those.subjects enrolled as out~atients)

- Duration of ceftriaaconesodium therapy was to have been a minimum of three-days. The total
daily doso of coftriaxone sodium should not excmad 4 gramslday. The subject-may then

have been placed on cefuroxime exetil 500 mg (2 x 250 mg tablets) PO q12h for the
remainder of therapy, if clinically indicated.

- For those subjects receiving the comparative therapies, Ery-Taba (Abbott Laboratories,
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North Chicago, IL) Brythromycin 500 mg IV or PO qid may have been added, if M.
pneumonia, L. pneumophila, or C. pneumonia was suspected. If L. pew~fla w~n

auspcted, ●~cin 0.5-1 gm ZV qid XY hsva been ●dded. If these pathogens were
confirmed by culture or by DFA (Legionella), these subjects may have ~continued
on erythromycin alone.

- outpatient subjects randomized to the active-control regimen were to have received
cefuroxime axetil 500 mg PO q12h for the duration of therapy.

.-

5.1.3. Protocol Amendment #2 dated October 5, 1993:

Equal numbers of subjects were to have been assigned to each treatment
regimen according to a computer-generated randomization schedule prepared
by PRI. The following two regimens were to have been utilized:

1. Levofloxacin 488 mg (5 x 97.6 mg tablets) PO q24h for 7-14 days (for
those subjects enrolled as outpatients) OR Lavofloxacin 488 mg (5 x
97.6 mg tablets) PO or 500 ang IV q24h for 7-14 days (for those
subjects enrolled as inpatients) The intravenous levofloxacin was to
have been diluted in 80 mL D5W (dextrose) to achieve a total volume
of 100 mL for infusion over a period of one (1) hour. Duration of

levofloxacin IV therapy was to have been a minimum of three days.
Subjects who began therapy on IV levofloxacin may have been switched
to the oral formulation at any time, as the subject may then receive
levofloxacin 488 mg PO q24h for the remainder of therapy, if
clinically indicated.

2. Ceftriaxone sodium 1 gm IV q12h or 2 gm IV q24h for 7-14 days 1 to 2
grams IX or IV given once a day or in equally divided doses twice a
day or cefuroxime axetil 500 mg PO q12h (for those subjects enrolled
to have been treated as inpatients) OR Cefuroxime axetil 500 mg PO
q12h for 7-14 days (for those subjects enrolled to have been treated
as outpatients) .

- Total duration of ceftriaxone sodium snd/or cefuroxime sxetil therapy was to have been 7-
14 days. The total daily dose of caftrisxone ●odiua mhould not ucead 4 grame/day.
Subjacts who began tlmrapy on cmftrlexone ●diuw may have been ewitchad to cefuroxiae
axetil ●t any time, ● s clinically indicatad. The subjects may then have been placed
on cefuroxime exetil 500 mg (2 x 250 mg tablets) PO q12h for the remainder of
therapy, if clinically indicated. For muhjactm eemigned to levofloxacin therapy who,
●t ●nrolhent, have hypotension (diastolic blood pressure <60 -g) in the abmence
of volume depletion, ●ltered mental status, who require Incubation, wchsnical
ventilation, or have ● baaeline respiratory rate >28 minutes the dosage of
levofloxacin may have been increased to 488 mg PO or 500 mg IV q12h. For those
subjects receiving levofloxacin who have pathogens isolated with en MIC greater than
1.0 mcg/mL but less than or equal to 4.0 mcg/mL (or zone size greater than or equal
to 13 WMIbut less than 18 EMIfor both ofloxacin and levofloxacin disks) end/or who
were not clinically imprwing, the doeage of levofloxacin may have been increased to
488 mg PO or 500 mg ZV q12h.

- For those subjects receiving the comparative therapies, Ery-Teb@ (Abbott Laboratories,
North Chicago, IL) BrythrWcin 500 mg IV or PO qid may have been added, if M.
pneumonia, L. pneumophilao or C. pIIeUMOIIiae was suspected. If L. pneumophila

infection was euapectad, ●rythr~cin-O.5-l gm PO or IV qid nay have been ●dded. If
these pathogens are confirmed by culture or by DFA (Legionella) nonculture methods,
these subjects may have been continued on erythromycin alone tor doxycycline)
monotherapy.

—
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5.1.4. Protocol Amendment #3 dated March 9, 1994:

Equal numbers of subjects were to have been assigned to each -eatment
regimen according to a c~uter-generated randomization schedule prepared
by PRI. The following two regimens were to have been utilized:

.-
1. Levofloxacin 488 mg (5 x 97.6 mg tablets) PO q24h for 7-14 days (for

those subjects enrolled as outpatients) OR Levofloxacin 500 mg m
q24h for 7-14 days (for those subjects enrolled as inpatients). The
intravenous levofloxacin was to have been diluted in 80 fi Dgw

(dextrose) to achieve a total volume of 100 mL for infusion over a
period of one (1) hour. Duration of levofloxacin m therapy was to
have been a minimum of three days. Subjects who began therapy on IV
levofloxacin may have been switched to the oral formulation at any
time, and the subject may then receive levofloxacin 488 mg PO q24h
for the remainder of therapy, if clinically indicated.

2. Ceftriaxone sodium 1 gm IV q12h or 2 gm IV q24h for 7-14 days, 1 to 2

grams IX or IV given once a day or in equally divided doses twice a
day or cefuroxime axetil 500 mg PO q12h (for those subjects enrolled
to have been treated as inpatients) or Cefuroxime axetil 500 mg PO
q12h for 7-14 days (for those subjects enrolled to have been treated
as outpatients) .

- Total duration of ceftriaxone sodium and/or cefuroxime axetil therapy was to have been 7-14

days. The total daily dome of ceftrhxone medium should not exceed 4 grams/day.
Subjects who began therapy on coftriaxona sodium may have been switched to cefuroxima
axetil ●t any time, as clinically indicatad.

- If, in the opinion of the investigator, a ●bjoct rquires ● longar duration of any mtudy
therapy, the PRI medical monitor ●hould have been contacted.

- For aubjectn ●aaigmed to lavofloxacin therapy who, at enrol~t, have bypotension
(diastolic blood premsure <60 mmSg) in tbe absence of volume depletion, altered
mental mtatus, who require incubation, -chanical ventilation, or have a baeeline
respiratory rate >28 per minute the dosage of levofloxacim may have been increased

to 488 mg PO or 500 mg IV q12h.
- For those subjects receiving the comparative therapies, E~wci.n 500 mg XV or PO qid -

may have been added, if M. pneumonia, or- C. pne-~fa~ waa 8uspected. If L.
pneumophila infection me suspected, ●rytbromydn 0.5-1 gm PO or IV qid may have been
●dded. If-these pathogens were confirmed by culture or) nonculture methods, these
subjects may have been continued on erythromycin alone (or doxycycline) rnnotherapy.

5.1.5. As per Clinical Trial Report from CANDA submission:

Subjects were assigned randomly to receive either levofloxacin or
ceftriaxone sodium/cefuroxime axeti,l. Subjects assigned to the
levofloxacin treatment group received five 97.6-mg levofloxacin tablets
once daily for a total daily dose of 488 mg levofloxacin or a 100 mL
solution containing 500 mg of levofloxacin in D5W once daily as a one-hour
intravenous infusion. Subjects given the intravenous formulation could
then receive the oral formulation if cl~nically indicated. The duration of
therapy was to have been 7 to 14 days. Subjects assigned to the
comparative control group received either 1 to 2 grams ceftriax~ne sodium
given intravenously once daily_-or in equally divided doses given- twice
daily, or two 250-mg cefuroxime axetil tablets twice daily for a total
daily dose of 1000 mg. The drug could have been given intramuscularly when
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intravenous access was not available. The total dose of ceftriaxone sodium
was not to exceed 4 grams/day. If M. pneumonia or C. pneumonia were

suspected in subjects randomized to receive a comparativtiherapy,
erythromycin 500 mg, administered orally or intravenously four times
daily, could have been added to the treatment regimen. If Lqionella was

suspected, erythromycin 0.5 to 1 gram administered orally or intravenously
four times daily could have been added to the treatment regimen. Subjects
who began therapy on ceftriaxone sodium may have been switched to
cefuroxime axetil at any time, as clinically indicated. Subjects unable to
tolerate erythromycin could have been treated with doxycycline
inappropriate doses. The tdtal duration of therapy was to have been 7 to
14 days. If, in the opinion of the investigator, a subject required a
longer duration of therapy, the subject could have been continued on the
same study drug without any break in dosing. The investigator was to
contact RWJPRI for approval to extend therapy in these cases. The
levofloxacin dosage could have been increased, at the discretion of the
investigator, to 488 mg orally or 500 mg iv. every 12 hours for subjects
with severe infection, defined as those with hypotension (diastolic blood
pressure c60 mntlg) in the absence of volume depletion; subjects with
altered mental status; subjects who required incubation or mechanical
ventilation, or subjects who had a baseline respiratory rate >28 breaths
per minute; or subjects with bacteremia. The levofloxacin dosage was to
have been reduced for subjects with calculated creatinine clearance values
of 20 to 50 mL/min. These subjects were to receive an initial (loading)
dose of 500 mg iv. or 488 mg p.o. of levofloxacin followed by
levofloxacin 500 mg iv. or 488 mg orally every 48 hours. Subjects who had
creatinine clearances of 20 to 50 mL/min and who were receiving
levofloxacin every 12 hours were to have their dosage interval adjusted to

every 24 hours. For subjects with renal impairment who were randomized to

receive comparative treatment, medication was to have been adjusted in

accordance with package instnctions.

5.2. Concomitant use of medications and other antimicrobial agents:
The use of other medications during the study was to have been kept to a minimum.
Administration of-nonstudy systemic antimicrobial was prohibited and aluminum-
magnesium based antacids (e.g., Maalox” ) and mineral supplements or vitamins
with iron or minerals were strongly discouraged because they might decrease
bioavailability of study drug. However, if administration of an’ antacid was
necessary, it was to have been administered at least two hours before or after
study drug administration. If the administration of any other medication (e.g.,
aspirin) was required, it was reported on the subject’s case record form.

—
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6. Efficacy Criteria per Sponsor:
Efficacy evaluations included evaluation of clinical signs and sympto~ linical

response ratings (assessed as cured, improved, failed, or unable to evaluate at

posttherapy and as cured, improved, relapsed, or unable to evaluate at

poststudy), and microbiologic eradication rates by pathogen (assessed as

eradicated, persisted, persisted with acquisition of resistance, or unknown) and

by infection (assessed as eradicated, persisted, or unknown) . Microbiologic
response in the group of subjects evaluable for microbiologic efficacy
represented the secondary efficacy variable for this study. Safety evaluations
included the incidence of treatment-emergent adverse events; laboratory tests of
hematology, blood chemistry, and urinalysis; and physical examinations including
vital signs.

7. Schedule and procedures for Efficacy and Safety Evaluations

7.1. Clinical Efficacy Evaluation:

7.1.1. Clinical Signs and Symptoms,

Clinical symptoms of a lower respiratory tract infection including chills,
increased cough, production of purulent sputum, increased sputum, pleuritic chest
pain, and shortness of breath were to be indicated by the investigator as present
or absent at admission, at the posttherapy visit (five to seven days after the

end of therapy) , and at the poststudy follow-up telephone contact and/or visit

(21 to 28 days after the end of treatment). Clinical signs of pneumonia obtained
from a chest examination (diminished breath sounds, rales, egophony, rhonchi, or
wheezes) were to be assessed and graded by the investigator as none, mild,
moderate, or severe at admission and at the posttherapy visit (five to seven days
after the end of therapy) . In addition, the investigator was to examine the chest
X-ray for the presence or absence of acute infiltrates or other pulmonary
abnormalities. For subjects with a significant persistent infiltrate and no
documented improvement on the previous chest X-ray compared with baseline,
persistent symptoms at the posttherapy evaluation, or possible relapse at the
follow-up telephone contact, the chest examination and chest X-ray were to be
repeated at a poststudy visit (21 to 28 days posttherapy) .

7.1.2. Clinical Response Rating:

7.1.2.1. Clinical Response Rating: Posttherapy Evaluation

At the posttherapy visit five to seven days after the end of therapy, the

investigator was to assess clinical response as cured, improved, failecl, or
unable to evaluate. The definitions for these assessments are as follows:

Cl%nical cure: Resolution of signs and symptoms associated with active

infection and an improvement in or resolution of chest X-ray findings.

Clinically Imprwed: Incomplete resolution of signs, symptoms and chest X-

ray findings and no additional antimicrobial therapy required. Subjects who

were lost to follow-up but who had ‘cUnical imprwement” listed- as the

reason for change in study drug administration from intravenous to oral

route of administration were assigned posttherapy clinical response-ratings

of ‘Clinically Improved”.

Clinical Failure: No response to therapy.
Unable to evaluate: Not able to evaluate because subject lost to follow-up.

—
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7.1.2.2. Clinical Response Rating: Poststudy Evaluation

At the poststudy visit (Posttherapy Days 21-28), which was required for subjects
with a significant persistent infiltrate on chest X-ray at the -therapy
evaluation and subjects with persistent symptoms or relapse at the poststudy
telephone contact, the investigator was to assess clinical response as cured,
improved, relapse, or unable to evaluate by comparing poststudy and posttherapy
symptoms, signs from chest examination, and chest X-ray findings. The definitions
for these assessments are as follows:

Clinical Cure: Resolution of signs and symptoms associated with active
infectionand improvementin or resolutionof chest X-ray findings.
ClinicallyImprwed: Continuedincompleteresolutionof signs and symptoms
with no deterioration or relapse since the posttherapy evaluation and no
additional antimicrobial therapy required.
Clinical Relapse: Resolution or improvement of signs and symptoms at the
posttherapy evaluation (Posttherapy Clinical Response of Cure or Improved)
followed by reappearance or worsening of signs and symptoms of infection.
Unable to Evaluate: Not able to evaluate because subject lost to follow-up

and did not return for poststudy evaluation.

For purposes of statistical summaries and analyses, a poststudy clinical response
was based on the results of the clinical evaluation during the poststudy visit
or (if there was no poststudy visit) on the results of the follow-up telephone
contact. For subjects who had a poststudy evaluation, the poststudy clinical
response was determined by the investigator. For subjects who had no poststudy
evaluation and had a follow-up telephone contact, the clinical response was
determined as follows:

- If a subject was cured or improvedposttherapy,and a relapseof symptoms
occurred, then the poststudy clinical response was “RELAPSE.’

- If a subject was cured at posttherapy, and a relapse of symptoms had not

occurred, then the poststudy clinical response was “CURED.”

- If a subject was improved at posttherapy, a relapse of symptoms had not

occurred, and persistent symptoms were not resolved, then the poststudy

clinical response was “IMPROVED.W

- If a subjebt was improved at posttherapy, a relapse of symptoms had not

occurred, and persistent symptoms were resolvedthen the poststudy response
was ‘!CURED.m

For subjects with no poststudy clinical evaluation and no follow-up telephone
contact, the poststudy clinical response was not determined.

7.2. Microbiologic Efficacy Evaluation:

7.2.1. Specimen Collection

7.2.1.1. Respiratory Secretions
Respiratory specimens were to be obtained including deep expectorated or
suctioned sputum, transtracheal -aspirate, pleural fluid, bronchial
brushings, biopsies, or washings. Respiratory specimens_ were to be
collected within 48 hours prior to admission for culture, Gram stain, and
susceptibility tests. Specimens also were to have been cultured-for M.
pneumonia, L. pneumophila, and C. pneumonia, if the local laboratory had

the capability to perform these cultures. Optional studies included a
direct fluorescent antibody test (DFA) of sputum or bronchoalveolar lavage
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fluid for L. pneumophila and a DNA probe test for detection of infection
caused by Legionella sp. The Infectious Disease Laboratory at Indiana

University Medical Center (Indianapolis, ~) was used for~lamydia
evaluation. If the subject could produce sputum, specimens were to be
obtained at the posttherapy visit (five to seven days after the end of
therapy) and poststudy visit (21 to 28 days after the end of theqapy) for
culture, susceptibility testing, and Gram stain.

7.2.1.2. Blood Culture

At least two separate specimens for blood cultures were to be obtained
from each hospitalized subject within 48 hours before therapy was started.
Cultures were to be repeated during therapy (Days 2-4) and at the
posttherapy visit (Posttherapy Days 5-7), if at least one of the admission
blood cultures was positive.

7.2.1.3. Serology

Blood samples were to be obtained from each subject at admission (within
48 hours before therapy start) and posttherapy (Posttherapy Days 5-7) for
serologic studies of C. pneumonia, M. pneumonia, and L. pneumophila.

These evaluations were to be repeated at the poststudy (Posttherapy Days

21-28) visit.

7.2.1.4. Urinary Antigen Testing

Urine specimens were to be obtained at admission (within 48 hours before
therapy start) . A urinary antigen detection test for L. pneumophila was to
be performed for all subjects.

7.2.2. Susceptibility Testing
Susceptibility to levofloxacin, ceftriaxone sodium, and cefuroxime axetil was to
be determined for all aerobic pathogens (with the exception of M. pneunmniae, L.

pneumophila, and C. pneumonia). The MIC susceptibility was to be the primary

susceptibility criterion. If the MIC values were not available, disks were to be -
used to determine susceptibility. Disk susceptibility testing was to be performed
for all aerobic pathogens with the exception of M. pneumonia, L. pneumophila,

and C. pneumonia in accordance with the National Committee for Clinical
Laboratory Standards (NCCLS) methods using 5-pg levofloxacin disks provided by
RWJPRI for levofloxacin susceptibility, and ceftriaxone sodium and cefuroxime
axetil disks provided by the study center for susceptibility to these comparative
therapies. Minimum inhibitory concentrations for levofloxacin, ceftriaxone
sodium, and cefuroxime axetil were to be determined using a broth microdilution
susceptibility assay for all aerobic pathogens, excluding M. pneumonia, L.

pneumophila, and C. pneumonia. MIC determinations were to be preformed by R. M.
Alden Research Laboratory (Santa Monica, CA) .
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7.2.3. Diagnosis of Infection Due to Atypical Pathogans
Diagnosis of infection due to M. pneumonia, L. pneumophila, or C. pneumeniae was
to be made on the basis of the clinical, radiologic, serologic, ad other

diagnostic criteria, as described in the following case definitions:
.-

7.2.3.1. Legionalla case definition:
Clinical and radiologic evidence of pneumonia in association with
one or more of the following:

(I) a single IgM enryme-linked innnunosorbentassay (SLISA) titer
21:256 or a four-fold increase or decrease in titer from
admiasion to posttherapy or poatstudy;

(ii) a single IgG ELISA titer 21:256 or a four-fold increase or
decrease in titer from admission to posttherapy or poststudy;

(iii) a positive DFA on sputum, bronchial lavage, or tracheal
aspirate;

(iv) a positive culture at admission for L. pneumophila from
respiratory specimens; or

(v) a positive urine antigen test.

7.2.3.2. Chlaqdia pneumonia case definition:
Respiratory signs and symptoms compatible with C. pneumonia

infection in association with one or more of the following:

(I) a singlemicroimmunofluorescenceIgM titer 21:32 or a four-fold
increase or decrease in titer from admission to posttherapy or
poststudy;

(ii) a single microimunofluorescence IgG titer >1:512;
(iii) a positive admission sputum or nasonhanfnaeal culture: or--
(iv) a ‘positive culture from pleural fluid or

respiratory tissue or fluid.

7.2.3.3. Mycoplasma case definition:
Clinical and radiologic evidence of pneumonia
one or more of the following:

. .
other pertinent

in association

(1) a-sin@e IgM SLISA titer 21:16 or a four-fold increase or
decrease in titer from admission to posttherapy or poststudy;

(ii) a single IgG SLISA titer x1:128 or a four-fold increase or
decrease in titer from admission to posttherapy or poststudy;

(iii) a positive culture from sputum or other respiratory fluid or,
material.

The criteria described above for diagnosis of C. pneumonia and

with

Mycoplasma

infections using a single IgG titer have been modified from those specified in
the protocol. The protocol stated that a single IgG titer 21:64 or a four-fold
increase or decrease in the IgG titer from admission to posttherapy or poststudy
were diagnostic for C. pneumonia; the modified criterion described above in the
case definition was used for diagnosis of C. pneumonia infections using a single
IgG titer. For Mycoplaama, the protocol -ontained an error indicating that a
single IgG ELISA titer 21:28 (rather than the correct titer of_zl:128) was
diagnostic for infection.

--
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7.3. Efficacy Criteria

7.3.1. Clinical Response ..
The primary efficacy variable was clinical response, assessed by the in~stigator
as cured, improved, failed, or unable to evaluate at the posttherapy visit (five
to seven days after the end of therapy) and as cured, improved, relapsed, or
unable to evaluate at the poststudy contact or visit (Posttherapy Days21 to 28).
The clinical cure rate was to be evaluated by determining the percentage of
clinically evaluable subjects who were cured, and the clinical success rate was
to be based on the percentage of clinically evaluable subjects who were cured or
improved.

7.3.2. Microbiologic Response

The secondary efficacy variable of microbiologic response to treatment was to be
evaluated by RWJPRI in terms of pathogen and infection eradication rates.
Microbiologic response was to be assessed for cultures of respiratory specimens,
blood pathogens (bacteremia) and for atypical pathogens, including M. pneumonia,

L. pneu.mophila, and C. pneumonia. A culture or nonculture evaluation was to be

considered valid if it was obtained at least one day posttherapy and if the

subject was not receiving any effective concomitant antimicrobial agent.

7.3.2.1. Microbiologic Response: Cultures of Respiratory Specimens:
The microbiologic response for pathogens isolated at admission was to be

determined by evaluating the posttherapy/early te?nnination or poststudy

culture results. Results were categorized as follows:

Eradicated: Eradication of the admission pathogen as evidenced by
failure to isolate the pathogen in a valid posttherapyiearly

termination or poststudy culture. If clinical improvement occurs such
that no sputum was produced and invasive procedures for culture were
contraindicated, then the pathogen was presumed eradicated.
Peraiated: Persistence of the admission pathogen as evidenced by

isolation of the pathogen in the posttherapy/early termination or

poststudy culture. If a subject was discontinued due to clinical

failure or resistant pathogen or was considered a clinical failure
upon completion of therapy and eradication of the admission pathogen
was not confirmed by valid culture results, then the pathogen was
presumed to persist.
Permimtmd with Acquisition of Roaistance: Persistence of the
admission pathogen as evidenced by isolation of the pathogen, in the
posttherapy/early termination or poststudy culture with documented
acquisition of resistance.
unknown : No posttherapy/early termination or poststudy culture
results available due to lost-to-follow-up, lost culture, or culture
not done when specimen was available. The response was unknown if the

culture was performed on the last day of therapy or if the culture

was done while the subject was receiving an effective antimicrobial
agent for reasons other than clinical failure, unless persistence was
verified or presumed.

7.3.2.2. Microbiologic Response: Blood Pathogens:–
The microbiologic response for blood pathogens was to be based on

posttherapy blood culture results of subjects with confirmed bacteremia at

admission. Bacteremia was defined as at least one positive blood culture

obtained at admission. Microbiologic response for each admission pathogen

—
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was to be determined for subjects with blood culture results available
posttherapy as follows:

B- EM Mocbbtgb
CUkws1 Cukus1? chbalRaqler& ~

Microbiologic response for subjects with no blood

available posttherapy or poststudy was to be determined

Bbod Bbad Kcmk@k@c
Cukusf Cukln2 CIIAAR~

culture results
as follows:

Unkrown Unluoum CUdknplvd E-W
Unkmwn Unkrwm Fa&e
Unkrow Unkrwm RBbpss Unkrow
Unkmwn Unkmwn Urdb b ~ Unkruwn

7.3.2.3. Microbiologic Response: Atypical Pathogens
The microbiologic response for M. pneumonia, L. pneumophila, or C.

pneumonia was to be based on clinical response, and was determined as
follows:

7.3.2.4. Microbiologic Response: Subject’s Infection
The microbiologic response for the subject’s infection at posttherapy or

poststudy was also to be determined and based on eradication of all the

pathogens isolated at admission as follows:

Eradicated:Eradication of all admiasion pathogens.
persisted: persistence, presumed persistence, or persistence with acquisition
of resistance of at least one pathogenisolatedat admission.
Unknown: No cultureresultsavailableor no known reSUltS for at least one
pathogen isolated at admission with no pathogen persisting.

7.3.2.5. Superinfection
A superinfection was to be defined as a new infection, found at any site
during therapy, which was caused by-a new pathogen (not recognized as the
original causative agent) , and which was documented by culture results. A
superinfection was to have been associated with clinical signs and
symptoms of infection ~d required antimicrobial therapy.
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7.4. Safety

7.4.1.
Adverse

Evaluations

Treatment-Emergent Mverse Events
events were defined as treatment-emergent signs and~ptoms,

i.e., events that were not present at admission or events that represented
an increase in severity or frequency of a sign or symptom already present
at admission. Each subject was to be assessed at each vistt after
admission through the posttherapy (Day S-7) visit for possible adverse
events that might have occurred throughout the study period. The
investigator was to record all adverse events on the case record forms and
grade their severity as mild, moderate, or marked. The investigator also
was to assess the relationship of the adverse event to trial treatment
using the following ratings: none, remote, possible, probable, or
definite. Other information to be recorded on the subject’s case record
form included: the date of onset of the event, control measures taken
(i.e., dosage reductions, discontinuation of study drug, or administration
of remedial therapy) , the outcome (resolved, persisted, or unknown), and
the date of resolution of the event. Serious adverse events were defined
as those events that presented a significant threat to the well-being of

the subject. Serious adverse events included any event that was fatal,

life-threatening, permanently or significantly disabling, required

hospitalization or prolonged hospitalization, resulted in long-term

outpatient treatment (greater than six months), or was a congenital

anomaly, cancer, or overdose. Investigators were instructed to report all
serious adverse events immediately to RWJPRI. A 5-cc venous blood sample
for determination of levofloxacin plasma concentration was to have been
obtained for those subjects assigned to levofloxacin therapy at the time
of a serious adverse event.

7.4.2. Clinical Laboratory Tests
The following standard clinical laboratory evaluations were to be
performed before dosing (admission) and at the posttherapy visit.
Additional evaluations were to be made between Days 2 and 4 and every five
days thereafter for hospitalized patients.

Haeatology:hemoglobin,hematocrit,white blood cell (WSC) count and
differential,redbloodcellO?SC)count,andplateletcount.PT andFITwere
obtainedforsubjectsreceivingconcurrenttreatmentwithanticoagulants.
BloodChamlstry:glucose,bloodureanitrogen(BUN),totalbilirubin,total
protein,albumin, uric ●cid, alkaline phoaphatase, serum glutamic oxaloacetic
traneaminase (SGOT), serum glutamic pyruvic transaminaae (SGPT), lactic
dehydrogenase (IQH), creatinine, calcium, inorganic phosphorus, sodium,
Urinalysis: pH, specific gravity, and”microacopicexaminationfor red blood
cells, white blood cells, and nonamorphoue cryetals.

7.5. Physical Examinations and Vital Signs
Physical examinations, including vital sign measurements, were to be performed

at admission, the posttherapy or early teY7nination visit, and at the poststudy

visit when this visit was required. Any physical examination abnormalities were

to be noted on the case record forms. Vital sign measurements included oral

temperature, respiration rate, pulse rate, and blood pressure. Weight was to be

obtained at admission only.

-.
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8. Investigators and study
Protocol MR92-040 was conducted
sites, as delineated below.

Paul J. Aleesi, D.O.
Ian M. Baird, M.D., FACP -
Carl T. Boylen, M.D.”
Edwin T. Brsnkston, M.D. -
l(at~ S. Budzak, M.D.
F. Keith Bufford, M.D.
Thomas N. Decker, M.D.

Lala U. Dunbar, M.D./Ph.D. -

Charles A. Ellis, Jr., M.D. -
John E. Ervin, H.D./FACP/FACR -

ThcmasM. File, Jr., M.D.

Joseph V. Follett, M.D.

Tim Gardner, M.D.
Ronald W. Geckler, M.D.
Myles E. Gombert, M.D.
Glenn Gomes, M.D.

John Graham, M.D.

Jon Green, M.D., Ph.D.

Stephen L. Green, M.D.
Anton Grunfeld, M.D.
Michael Hsblb, M.D.
Daniel Havlichek, M.D. and
Gary E. Stein, Pharm.D.b
Marvin A. Heuer, M.D.C and
R. Douglas Thorsen, M.D.

Robert Holloway, M.D.

Robert N. Hunt, M.D. and
Alan R. Rosenthal, PhsrmD a

-.

8ites:
by S1 investigator at a total of 96 aeparace

Our Lady of Lourdes Medical Center, Camden NJ; USA
Riverside Methodist Hospitals, Columbus, OH; USA

LAC/USC Medical Center, Los Angeles, CA; USA
.-

The Oshawa Clinic, Oshswa, Ontario; Canada
Deen Clinic, Madison WI; USA
C!ommunity Medical Arts Center, Tallassee, AL; USA
Dover Professional Center, Dover, NH; USA
Wentworth Douglas Hospital, Dover, NH; USA
Lcuisisna State University Medical Center, East Campus
and Charity Hospital of New Orlesns/MCLA, New Orleans, LA; USA

University Hospital/MCIA, West Campus, New Orleans, LA; USA
Andover, UA; USA
The Center for Pharmaceutical Research, PC, Kansas City, MO; USA
St. Joseph Health Center, Kansas City, MO; USA
Summe Health System, Akron, OH; USA
St. Thomas Hospital Campus, Akron, OH; USA
Internal Medicine Group, P.C., Cheyenne, WY; USA
United Medical Center West, Cheyenne, WY; USA

United Medical Center East, Cheyenne, WY; USA
Holy Family Hoepital, Spokane, WA; USA
Mercy Medical Center, Baltimore, MD; lJSA

Long Beach Memorial Hospital, Long Beach, NY; USA
Medical Center of Baton Rouge, Baton Rouge, IA; USA
Ochsner Clinic of Baton Rouge, Baton Rouge, m; USA
Family Practice Associates, Nova Scotia; Canada
Camp Hill Medical Centre, Nova Scotia; Canada
Department of Veterans Affairs Northern California System of

Clinics, Martinez, CA; USA
Sentara Hampton General Hospital, Hampton, VA; USA
Vancouver General Hospital, Vancouver, British Colombia; Csnada

VA Medical Center, Tucson, AS; USA
E.W. Sparrow Hospital and Laboratory, Lansing, MI; USA
Unity Hospital, Fridley, MN; USA
Fridley Medical Center, Fridley, MN; USA
United Hospital, St. Paul, MN; USA

weStVieW CliniC, PA, West St. Paul, MN; USA
Research Support Unit, Minneapolis, MN; USA
De-1b Medical Center, Decatur, GA; USA
DeKelb Medical Family Care Center, Decatur, GA; USA
Tucker Family Care Center, Tucker, GA; USA
Covington Family Care Center, Decatur, GA; USA
Insite Clinical Triala, Atlanta, GA; USA
Southeast Clinical Resources, Atlanta, GA; USA “
Heartland Research Center, South Bend, IN; USA
Memorial Hospital of South Bend, South Bend, IN; USA
Michisna Comun ity Hospital, South Bend, IN; USA
St. Joseph Hospital,.michawaka, Miahewaka, IN; USA

Memorial Hospital of Michigan City, Michigan City, IN; USA

Elkhart General Hospital, Slkhart, IN; USA

Health Family Center, Mishawaka, IN; USA
South Bend Clinic, South Bend, IN; USA
New Carlisle, IN; USA
Southbend Comnunity_Health Center, South Bend, IN; USA
McKinely Medical Clinic, Mishaweka, IN; USA

Michiena Family Clinic, South Bend, IN; USA _
Michisna Internal Medicine Assoc., South Bend, IN; USA .
Osceola Clinic, Inc., Osceola, IN; USA
Nappsnee IN; The Medical Group, Michigan City, IN; USA
The ElkhartClinic,Elkhart IN; USA
Family Practice Assoc., Elkhart, IN; USA

—
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Keith Ironside, Jr., M.D.
=is M. Israelski, M.D.

Manjari Joshi, M.D.

Fernando A. Keller, M.D.

Richard B. Kohler, M.D.
Frank P. Maggiacomo,’ D.O.

LionelA. Mandell,M.D.

Barrie 14arch,M.D.b , and
.Diann Clarens, PharmD.
Richard R. Moyer, M.D.

R. Dale Padgett,M.D.
James N. Parsons,M.D.
D. Keith Payne, M.D.
Rick Player, M.D.

Joseph Plouffe, M.D.
Alan R. Pollack, M.D.’
Philip J. Roos, M.D.’
Ruff, M.D.
Joram Seggev, M.D.

John Segreti, M.D,
J. Shankman, M.D.

.

Christopher”E. Spooner, M.D.b -

James R. Taylor,M.D.b

St. Vincent Hospital and Medical Center, Portland, OR; USA
San Mateo County General Hospital, San Mateo, CA; USA -.
San Mateo County AIDS Program, San Hateo, CA; USA
AIDS Community Research Consortium, Redwood City. CA;-
Santa Clara Valley Medical Center, San Jose, CA; USA
RA Cowley Shock Trauma Center, Baltimore, MD; USA
Harbor Hospital Center, Baltimore, MD; USA
Schader, Hauser, Tabak amd Keller pulmonary Aesocia~es, M.D.,

PA., Miami, FL; USA
South Miami Hospital, Miami, FL; USA
Wishard Memorial Hospital, Indianapolis, IN; USA
Silver Lake Medical, Inc., Providence, RI; USA
Roger Williams Medical Center, Providence, RI; USA
Harbour Medical LTD, East Greenwich, RI; USA

Pawtaxet Valley Medical Surgical Services, Warwick, RI; USA

Midland Medical, Warwich, RI; USA
Elmhurst Sxtended Care, Providence, RI; USA
Cedar Crest Nursing Home, Cranston, RI; USA
Hamilton Civic Hospitals Henderson General Division, Hamilton,

Ontario; Canada
MeritCare Medical Center, Fargo, ND; USA

Mesaba Clinic, Hibbing, MN; USA
Bamberg, SC; Bamberg County Memorial Hospital, Bamberg, SC; USA
Mount Carmel Medical Center, Columbus, OH; USA
LSU Medical Center, Shreveport, LA; USA
Cooper Green Hospital, Birmingham, AL; USA
SORRA Research Center, Birmingham, AL; USA
The Ohio State University Hospitala, Columbus, OH; USA
Rockville Internal Medicine Group, Rockville, MD; USA
Jerry L. Pettis Memorial V.A. Hospital, Loma Linda, CA; USA Dennis
San Antonio Regional Hospital, San Antonio, TX; USA
University of Nevada School of Medicine, University Medical

Center, Las Vegas, NV; USA
Rush-Presbyterian-St. Luke’s Medical Center, Chicago, IL; USA Mark
Health Stop, Watertown and West Roxbury, MA; USA
Phoenix Infectious Disease Spec, Phoenix, AZ; USA
Phoenix Memorial Hospital, Phoenix, AZ; USA
St. Joseph Hospital, Tacoma, WA; USA
Tacoma General Hospital, Tacoma, WA; USA
Pulmonary Consultents, Tacoma, NA; USA

a This investigator did not enroll any subjects.
b Dra. Savlicheck and Ste@ were co-principal investigators at this site. All tablea and listings were under the
name of Dr. Havlicheck.
c Dr. Thorsen replaced Dr. Heuer ae principal investigator at thesesites ●fter the ●tudy ctarted. Dr. Eeuerts

rime was retained in the data baae and thus all tablea and listings were under the name of Dr. Heusr.
d Drs. Sunt and Roaenthsl were co-principal investigators at this mite. All tables and listings were under the name
of Dr. Sunt.

9. Study Population:
Approximately 528 subjects, men and women who were 18 years of age or older with
community-acquired pneumonia, were to have been enrolled in this study to ensure

366 clinically evaluable subjects (183 per treatment group) for efficacy
analysis. Enrollment could continue until sufficient numbers of evaluable
subjects with infections due to critical pathogens were enrolled.

10. Discontinuation from study:
Subjects could have been discontinued from the study due to adverse events,

—

significant protocol violation, intercurrent illness, treatment failure; or at

the request of the subject. At the time of premature withdrawal from the study,

posttherapy evaluations, including evaluation of signs and symptoms, physical

—
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examination and vital signs, culture, susceptibility testing, and Gram stain of
respiratory specimens, if possible, and clinical laboratory tests were to have
been performed. The investigator was to record the reason for ~emature
discontinuation on the subject’s “case record form.

11. Evaluability Criteria: .-

11.1. Evaluability criteria as per Sponsor:
11.1.1. Original evaluability criteria as outlined in original Protocol

dated June 20, 1992:
To be evaluable for clinical efficacy, subjects were not to have been classified
in any of the following categories:

A minimum of five days of therapy was required in order for a subject to have

been classified as evaluable in the analyses of clinical and microbiologic

response; subjects who had failed clinically (in the judgement of the
investigator) and had taken more than 48 hours but fewer than five days of study

drug were not classified as unevaluable due to insufficient course of therapy.

11.1.2. Evaluability criteria as outlined in Protocol Amendment #1 dated

March 3, 1993:

1. Safety Analysis
To be evaluahle for the safety snalysia, a subject must have taken the study medication and
must have relayed safety information.
2. Efficacy Aaalysia
A subject was to have been evslusble for microbiological efficacy unless categorized into one
of the following groups:
1. Unevalusble for safety
2. Infection not bacteriologically proven. No pathogen identified in the admission

respiratory or blood cultures, and there was no evidence of Mycoplasms pneumonia,
Legionella pneumophila, or Chlemydia pneumonia based on serology results

3. b admission pathogen was resistant to tbe ●ssigned study drug.
4. Insufficient course of therapy

- Subject does not take the study drug for at least five days.
- Subjects who take study drug for less than five days because they ware
judged a clinical failure by the investigator were evalusble. The pathogen(s)

was(were) presumed to persist in these situations.

5. Effective c&ccmitsnt therapy. Subject takes en effective systemic antimicrobial between
time of admission culture and within 48 hours prior to start of therapy, or following
therapy prior to test-of-cure culture (post-therapy).If the subject takes effective
systemic antimicrobial therapy becauae the subject has been judged a clinical failure
by the investigator, the subject was evaluable end the pathogen(s) was(were) presumed
to persist. Concomitant administration of ●rythromycin to the control drug was to not
affect subject’s evalusbility.

6. Inappropriate bacteriologic cultures
6.1. Admission culture was greater th&n 48 hours prior to the start of therapy
6.2. Post-therapy evaluation was not between 2-9 days post-therapy. If the subject

was discontinued due to a persistent pathogen or clinical failure and the
post-therapy culture was obtained on the lest day of therapy, the subject was
considered eveluable.

6.3. Adequate microbiological data was not available. If the subject was a clinical
- failure and persistence of the pathogen(s) isolated on admission was (were)

not confirmed by culture results, the pathogen(s) was (were) presumed to
persist.

7. Lost to follow-up but relays safety information
8. Other protocol violation, e.g.,

i. Subject fails specific entrance criteria
ii. Subject re-enters study
iii. Subject does not take at least 70% of assigned study drug

—
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iv. Subject takes study drug for more than 20 days (unless due to a
persistent pathogen)

Subjects with no initial pathogen but a four-fold or greater rime or decreame or a single
diagnostic titer of antibodies for Mycoplasma pneumonia, Legionella pnemsephila, or

tiamydia pneumonia were evaluable for efficacy unless any of the following criteria were
met :

1. Subject was not evaluable for safety
2. Insufficient course of therapy .-

3.Effective concomitant therapy
4.Lost to follow-up but relayed safety information
5. Other protocol violation

Ml the preceding subjects with no initial pathogen and evaluable for efficacy were to be
waluable for clinical response afficacy.The microbiologicalresponeeof the pathogenwas
to be based on the clinical response of the subject. For this indication,an evaluable
subjectmay have had a microbiologicalresponseof “unknown.”
Mditionally, a subjectwas to have been evaluablefor clinicalefficacy,unlessthe clinical
diagnosiswas unconfirmedor the subjectwas classifiedby categoriesa, c, d, f, d, ., g,
and/org, h above.

11.1.3. Evaluebility criteria as outlined in Protocol Amendment #2 dated

October 5, 1993:

1. safety An81ysis
To be evaluable for the safety analysis, a subject must have taken the study medication and
must have relayed safety information.
2. Efficacy Analysis
A subject was to have been evaluable for microbiological efficacy unless categorized into one
of the following groups:

l.Unevaluable for safety
2. Infection not bacteriologically proven. No pathogen identified in the admission

respiratory or blood cultures, and there was no ●violence of Mycoplasma

pneumonia, I..+ionella pneumophila, or Ch3amydia pneumonia based on serology

results {or other diagnostic procedures)
iii. Resistant to study drug. An admission pathogen was resistant to the
assigned study drug. In a monomicrobial infection, the admhsion pathogen was
resistant to the ●ssigned study drug. If the infection wan caused by more
than one pathogen and ●t laast one pathogen was susceptible to the ●ssigned
mtudy drug, the case was to have b~an considered ●valuable.

3. Insufficient course of therapy. Subject does not take the study drug for at least
five days. Subjects who take etudy drug for less than five days because they

- were judged a clinical failure by the investigator were evaluable. The
pathogen(e) was(were) presumed to persist in these situations.

4. Effective concomitant therapy. Subject takes an effective systemic antimicrobial

between time of admission culture and within 48 hours prior to start of
therapy, or following therapy prior to test-of-cure culture (poet-therapy).If
the subject takes effective systemic antimicrobial therapy because the
subject has been judged a clinical failure by the investigator, the subject
was evaluable and the pathogen(s) was(were) presumed to persist. Concomitant
administration of erythromycin to the control drug was to not affect
subject’s evaluability.

5. Inappropriate bacteriologic cultures.
5.1. Admission culture was greater than 48 hours prior to the start of

therapy
5.2. Post-therapy evaluation was not between 2-9 days post-therapy. If the

subject was discontinued due to a persistent pathogen or clinical
failure and the poet-therapy culture was obtained onthe last day of
therapy, the subject was considered evaluable.

5.3. Adequate microbiological data was not available. If Che subject was a
clinical failure and persistence of the pathogen(s) isolated on
admission was (were)not confirmed by culture results, the pathogen(s)
was (were) presumed to persist.

-.

6. Lost to follow-up but relays safety information

7. Other protocol violation, e.g.,

—
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7.1. Subject fails specific entrance criteria
7.2. Subject re-enters study
7.3. Subject does not take at least 70% of assigned study drug
7.4. Subject takes study drug for more than 20 days (unl~due to a
persistent pathogen).

Subjects with no initial pathogen but a fourfold or greater rise or decrease or a single diagnostic
titerof antibodiesforvbo war. determined by culturoor non-culturo methods (Appandix-It2) to have
infection duo to Alycoplasma pneumonia, Legionella pneumophfla, or Ch2amydia pneumonia were

evaluable for microbiological efficacy unless any of the following criteria were met:
I.Subject was not evaluable for safety
2. Insufficient couree of therapy
3.Effective concomitant therapy
4.Loet to follow-up but relayed safety information
S.Other protocol violation

All the preceding subjects with no initial pathogen and evaluable for
efficacy were evaluable for clinical response efficacy. The microbiological

a.icrobiological
response of the

pathoge~ was based an the clinical reee of the suliject.For this indication,‘an evaluable
subject may have a microbiological response of ‘unknown.”
Additionally, a subject was to be evaluable for clinical efficacy, unless the clinical
diagnosis w~s unconfirmed or the subject was classified by categories a, c, d, f, d, e, g,
and/or g, h abeve.

11.1.4. Evaluability criteria as outlined in
March 9, 1994, 1994:

Protocol Amendment #3 dated

take the study medication and must
1. Safety Analyeie
To be evaluable for the safety analysis, a subject must

relay safety information.
2. Efficacy Analysis
A subject was to have been evaluable for microbiological efficacy unless categorized into one

of the following groups:
1. Unevaluable for safety
2. Infection not bacteriologically proven. No pathogen identified in the admission

respiratory or blood cultures, and there was no ●violenceof Mycoplasma pneumonia,

Legionella pneumophila, or Chlamydia peumoniae based on serology results (or other
diagnostic procodurea)
(deleted)c. Resistant to study drug. In a monomicrobialinfection, the admission
pathogen was resistant to the assigned study dng. If the infection was caused by -

more than one pathogen and at least one pathogen was susceptible to the assigned
study drug, the case was to be considered evaluable. (deleted)

3. Insufficient course of therapy. Subject does not take the etudy drug for at least five
days. Subjects who take study drug for greater than 48 hours but for less than five
days becauae they were judged a clinical failure by the investigator were evaluable.
The pathogen(s) was(were) presumed to persist in these situations.

4. Effective concomitant therapy. Subject takes an effective syatemlc antimicrobial between

time of admission culture and within 48 hours prior to start of therapy, or following

therapy prior to test-of-cure culture (post-therapy).If the sfiject t~es effective
systemic antimicrobial therapy because the subject has been judged a clinical failure
by the investigator, the subject was evaluable and the pathogen(e) waa(were) presumed
to persist. Concomitant adminietrati& of erythrcmycln or doxyvcline to the control
drug was to not affect subject’e ●valuability.

5. Inappropriate bacteriologic cultures
5.1. Admission culture waa greater than 48 hours prior to the start of therapy
5.2. Post-therapy culture/evaluation was not between 1-10 daye post-therapy. If the

subject was discontinued due to a persistent pathogen or clinical failure and
.. the post-therapy culture was-tained on the last day of therapy, the subject

was considered evaluable.
5.3. Adequate microbiological data was not available. If the subjec~ was a clinical

failure and persistence of the pathogen(s) isolated on admission was (were)
not confirmed by culture result~ the pathogen(s) was (were) presumed to
persist.

6. Lost to follow-up but relays safety information
7. Other protocol violation, e.g.,

—
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1)
2)
3)
4)

Subjects

Subject fails specific eotrance criteria [deleted)

1) Subject re-enters study
2) Subject does not take at leaat 70% of assigned study drug
Subject takes study drug for more than 20 days (unless due to ~rsistent

pathogen) (deleted)

who ware determined hy culture or non-culture ~thoda to have infaction due to

Mycoplasme pneumonia, Legiooella pneumophila, or Chhmydia pneumonia were evSluable for

microbiological efficacy unless any of the following criteria were met:

I.Subject was not evaluable for safety

2.Insufficient course of therapy

3.Effective concomitant therapy (not including ●rythromycinor do~cyclina allowed
as comparative study thmrapy by protocol)

4. Lost to follow-up but relayed safety information

5. Other aignificsnt protocol violation

ml the subjects meeting any of the serologic diagnostic criteria, as delineated shove, who
had no initial pathogen and were-evaluable for microbiological efficacy, were also evalusble
for clinical efficacy. The microbiological response of the pathogen was based on the clinical
response of the subject.
Additionally, a subject was to have been evaluable for clinical efficacy, unless the clinical
diagnosis was unconfirmed or the subject waa classified by categories a, c, d, e.2, f, and/or

g, above.

11.1.2.3. Microbiologic Efficacy as per study ewmmary
A subject was evaluable for microbiologic efficacy if all criteria for

clinical efficacy were met and the subject was not classified by any of

the following:

1. Infectionnot bacteriologicallyproven.
2. Inappropriatebacteriologiccultures.
i. Admission culture was greater than 48 hours prior to etart of therapy or any time

following initiation of therapy.

ii. Posttherapy microbiologic culture/evaluation was not on Days 1-10 posttherapy. If a
subject was discontinued due to clinical failure or considered a clinical failure
upon the completion of therapy and the posttherapy culture was obtained on the last
day of therapy, he was not considered unevaluable for this reason.

iii. Adequate microbiologic data were unavailable. If a subject was discontinued due to a
clinical failure and the posttherapy culture was not obtained, the subject was not
considered unevaluable for this reason.

The hierarchy-that guided the assignment of microbiologic unevsluability was:

1. Not evalueble for safety.
2. Infection not bacteriologically proven.
3. Clinical diagnosis unconfirmed.
4. Inefficient course of therapy.
5. Effective concomitant therapy.
6. Inappropriate bacteriologic culture.
7. met to follow-up but provided safety information.
8. Other prolx?colviolation

For subjecte who were determined by culture or nonculture methods to have infection due to
Mycoplasma pneumonia, Legionella pneumophila, or Ch2amydia pneumonia, the hierarchy was:

1. Not evaluable for safety

2. Insufficient course of therapy

3. Effective concomitant therapy

4. Lost to follow-up but prwided safety information
—

5. Other protocol violation—

If a subject fit into more then one of these categories, the highest reason was reported as

the primary reason. Final classification regarding evaluability rested with the RWJPRI

—

—



( 262

medical monitor.

11.2. Evaluability criteria as per Medical Officer: “_

11.2.1. Clinical Evaluability Criteria as per Medical Officer:
1. The subject met the inclusion criteria

2. The subject did HOT meet any of the exclusion criteria at the time of

enrollment
3. A posttherapy/emd-of therapy/EOT clinical evaluation and an pomtatudy/end-of

study/EOS clinical evaluation ware performed. The exceptions were for
patients who:

3.1. declared clinical failures on-therapy, at the posttherapy visit, or in

the interval between the posttherapy and poststudy visits, but did

not have a poststudy follow-up, here the failure declared at the

earlier time point was carried forward

3.2. declared clinical cures at the posttherapy evaluation (i.e., were

completely asymptomatic, and had a normal chest X-ray at EOT visit),

here the clinical cure was carried forward. This was specified by
the sponsor in the original study protocol, and, therefore, could not

be modified after the fact.

4. A symptomatic response could be evaluated at the pomttherapy and (where

applicable) the poatstudy time point.

5. With regard to establishing time point for follow-up after treatment of

community-acquired pneumonia, both (1) the natural history of the disease

and (2) the half-life of the antimicrobial agent under investigation need
to be taken into account. The windows for follow-up after an episode of
community-acquired pneumonia was to have been the same for patients treated
with any antimicrobial agent with a relatively mhort half-life. It was only
in the case of a prolonged half-life that the window for follow-up needs to
be extended because blood levels and tissue levels persist far beyond the
last dose of the antimicrobial drug. For levofloxacin, whose serum half-life
was 6.34-6.39 hours in the clinical tablet, the window of follow-up can be
the same as for other antimicrobial with relatively short half-lives.

5.1. The IDSA Guideline recommend standard follow-upafter an episode of
community-acquiredpneumonia as follows:

.Hospitalized patients should be assessed every day during the
course of therapy and within 5-7 days after the completion of
treatment

5.2. Recent regulatory precedent for the appropriate time point for test of
cure hae been established in other reviews of antimicrobial agents with
short half-lives for the indication of community-acquired pneumonia, and
theee confirm the need for late post-therapy follow-up to determine a stable
point-estimate for clinical cure at the test-of-cure evaluation.

The original protocol 90-070 specified that the clinical evaluation at the
posttherapy/EOT (5-7 days posttherapy) visit was to have been the primary clinical
endpoint, but with an End-of-Study evaluation at 3-6 weeks post-therapy to provide
a late follow-up assessment and stable-estimate for the test-of-cure. Protocol

—

1
Beam ‘l’R, Gilbert, DN, Kunin CM. Guidelines for the Evaluation of Anti-infective Drug—

Products. ~ 15{Suppl 1):S85, 1992

2
Uerepenam NDA Review. NDA 50706.

—
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Amendment #1 also specified that the clinical evaluation at the postthorapy/EoT (5.

7 days posttherapy) visit was to have been the primary clinical endpoint, but the
., late follow-up at 3-6 weeks was deleted from the protocol under this. Tborafore,

acknowledging that tbe 5-7 day po#tthorapy visit was suboptimal for ●=tilimhing
a mtable point ●atimata of the taat-of-curs, tba medical officar had no choica but
to usa tba ody existing endpoint for *9 follow-up clinical MhIation as tba ti.ma

point for tba primary clinical endpoint for tbe purpomas of this ●valuation.

6. In regards to the use of concdtant antibiotic therapy from the tima of

enrollment through tba and-of ntudy visit, the following criteria were
applied:

(i) A patient was fully clinicallyavaluabla only if the patient did NOT
receive concomitantantibiotictherapy:

- Within 48 hours prior to enrollment in the protocol
- During the treatment period
- From the end of the treatment period to the poststudy
evaluation
- At the evaluation for clinical relapse

(ii} if the patient received an antimicrobial agent prior to
enrollment in the study, but there was a pathogenic organism isolated
on admiaaion cultura, the patient was considered clinically avahabla
(iii) if the patient received an alternative antibiotic AND there was
clear documantation of an altarnativa diagnoaia for which the other
antibiotic was prescribed, the patient was categorized as clinically
uaavaluabla.
(iv) if the patient received an alternative antibiotic AND there was
no documentation of an alternative diagnosis for which the
alternative antibiotic may have been prescribed, the patient was
deemed clinically avaluable (only) as a traatmant failure.

7. Subjects must have completed an adequata coursa of therapy of either study drug,
with “adequate course” defined as follows:

(i) for patients in the levofloxacinarm who were designated as a
clini~alcure at EOT, a minimum of 6 days or 80% of the minimum dose
specifiedby the amended protocol
(ii) for patients in the cefuroxime arm who were designated as a
clinical cure at EOT, a minimum of 6 days or 80% of the minimum dose
specified by the protocol
(iii) for patients in either the levofloxacin arm or the cefuroxime
designated a clinical failure, a minimum of 72 hours of study drug
was to have been taken
(iv) for the levofloxacin arm, no more than 1 missed dose within the
dosing interval requiring extension of the dosing interval to
complete the full 7-14 doses of therapy, as specified by the amended
protocol.
(v) for patients in the cefuroxi~ arm, no more than two missed doses
requiring extension of the dosing interval to complete the frill7-14
days of therapy specified by the protocol

8. Symptomatic response “unable to evaluate” at either the EOT or the EOS
evaluation remained disqualified from the efficacy analysis. The exception to this
was a patient who was declared a clinical failure during therapy or at the EOT
visit : this failure was carried forward as “evaluable” regardless of the EOS

—
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evaluation.

-.

9. The patient had no known history of AIDS and was not HIV aeropositive.

11.2.2. Microbiologic evaluability criteria as per Medical Officer:
1. A subject met criteria for clinical evaluability at all time points during the

study
.-

2. Pretherapy (admission) sputum culture was positive for a microorganism known to
be pathogenic in lower respiratory tract infections or there was evidence
of infection by an atypical pathogen (see criteria for the diagnosis of
atypical pathogens, below)

3. Any residual secretions present at the EOT visit were sent for culture. The
medical officer would not accept the category of “presumed eradication= in
cases in which there were persistent secretions that were not cultured. The
medical officer felt that it was incumbent upon the sponsor and
investigators to document eradication when and where possible.

(i) Only in cases where there were no residual secretionswould the
designation“clinicalcure/presumederadication”be accepted.

(ii) If there residualpurulent secretionsthat were not cultured,
the medical officer defaulted to “presumedpersistence”.

(iii).If there residual nonpu~leat secretions that were not
cultured,the medical officerdefaultedto “microbiologically
unevaluable”.

(iv) In cases of clinical failure, a microbiologic assessment of
“presumedpersistence”was universallyapplied.

4. In regards to the use of concomitant antibiotic therapy from the time of

enrollment through the end-of study visit, the following criteria were

applied:

(i) A patient was fully microbiologically ●valuable only if the
patient did NOT receive concomitant antibiotic therapy:

- For the 48 hour period prior to enrollment (see exception under

item (ii) below)
- During the treatment period

- From the end of the treatment period to the poststudy evaluation
-- At the evaluation for clinical relapse

(ii) if the patient received pretherapy antimicrobialtreatmentwith
another antibiotic, the patient was microbiologically
evaluable if there was a pathogen isolated on admission
culture. If no pathogen was isolated on admission culture,
the patient was both clinically and microbiolqically
unevaluable.

(iii) if the patient received an alternativeantibioticAND there was
clear documentation of en altermat%ve diagnoaia for which the

other antibiotic was prescribed, the patient was categorized

as microbiologically unevaluable.

(iv) .if the patient received an a~ternative antibiotic AND there was
no documan tation of en alternative diagnosis for which the
alternative antibiotic may have been prescribed, the~atient
was deemed microbiologically evaluahle (only) as a persistent
pathogen.

_—
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5. Subjects must have completed an ●dequate course of therapy of either study

drug, with “adequate course” defined as follows:

(I) for patients in the levofloxacinarm who were designated~a
clinical cure at EOT, a minimum of 6 days or 80% of the
minimum dose specifiedby the amendedprotocol

(ii) for patients in the cefuroxime arm who were designated a~a
clinical cure at EOT, a minimum of 6 days or 80% of the
minimum dose specifiedby the protocol

(iii)for patients in either the levofloxacin anti or the cefuroxime
designated a clinical failure at EOT, a minimum of 72 hours of

study drug was to have been taken

(iv) for the levofl=cin arm, no more than 1 missed dose within the

dosing intenal requiring extension of the dosing interval to
complete the full 7-14 doses of therapy, as specified by the
amended protocol.

(v) for patients in the cefuroxime arm, no more than two missed doses
requiring extension of the dosing interval to complete the
full 7-14 days of therapy specified by the protocol

6. Symptomatic response “unable to evaluate” at either the EOT or the EOS
evaluation remained disqualified from the efficacy analysis. The exception to this
was a patient who was declared a clinical failure during therapy or at the EOT
visit: this failure was carried forward as “evaluable” regardless of the EOS
evaluation.

7. Diagnostic criteria for an atypical pathogen were defined as follows:

7.1. Chlamydia pneumonia

Respiratory signs and symptoms compatible with Cklsntydia pneumonia, in

association with one or more of the following:
A. A single microimmunofluorescence IgM titer 2 1:16 (in the absense

preexisting IgG) or a fourfold increase or decrease in the IgM
titer at 3-4 weeks post therapy (5-6 weeks post study
admission) follow-up

or
B. A single microimmunofluorescence IgG titer >

increase or decreaee in the IgG titer

or
C. A

or
D. A

1:512 or a fourfold
at 3-4 weeks post
follow-uptherapy (5-6 weeks post study admission)

positive admission sputum or nasopharyngeal culture for
Chlamydia pneumonia

positive culture from pleural fluid or other pertinent
respiratory tissue or fluid

3
Grayston JT, Campbell LA, Kuo CC, ●t.el. A New Respiratory Tract Pathogen:

pneumonia Strain TWAR. ~ 161:618-25, =0; New and Smerging Etlologiea
Chlemydia
for

Community-acquired Pneumoniawith Implicationsfor Therapy:A ProspectiveMulti&enterstudy of
359 casee. ~ 69(5):307-316,1990; Ekmen MR. LeinonenM. Evaluation of Serological Methods
in the Diagnosis of Chlamydia pneumonia Pneumonia during and Spidemic in Finland. Eur J Cm

12(10): 756-60, 1993; Grayston JT, Aldous MB. Svidence that Chlamydia
pneumonia causes Pneumonia and Bronchitis. 168:1231-5, 1993; Grayston JT, Kou CC,
Et.al. A new Chlan?ydia psittaci atrain, TWAR, isolated in acute respriatory tract infections.

N&Z! 315(31:161-68, 1986.
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7.2. Legionella pneumophilia
Clinical and radiologic evidence of pneumonia in association with on~or
more of the following’:

A. A single IGM ELISA > 1:256 or a fourfold increase or decrease at
3-4 weeks poet therapy (5-6 weeks post study admission)
follow-up .-

B. A single IGG ELISA > 1:256 or a fourfold increase or decrease at
3-4 weeks post therapy (5-6 weeks post study admission)
follow-up

C. A positive DFA (direct fluorescence antibody test) on sputum,
bronchial lavage or tracheal aspirate)

D. A positive culture at admission for Legionella pneumophila from
sputum or other respiratory fluid or material

E. Positive urine antigen

7.3. Mycoplasma pneumonia

Clinical and radiologic evidence of pneumonia in association with one or
more of the followings:

A. A single IGM ELISA > 1:16 or a fourfold increase or decrease at
3-4 weeks post therapy (5-6 weeks post etudy admission)
follow-up

B. A single IGG ELISA > 1:28 or a fourfold increase or decrease at
3-4 weeks post therapy (5-6 weeks post study admission)
follow-up

C. A positive culture at admission for Mycoplasma pneumonia from

sputum or other respiratory fluid or material

-.

4
Ostergard L, Anderson PL. Etiology of Community-acquired Pneumonia: Evaluation by
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emphasison applicaitonof urinaryantigendetection. ~ 162(6):1341-8,1990.

5
Fang GD, Fine H, et.al., New and Emerging Etiologies for Community-acquired Pneumonia

with I@ications for Therapy: A prospective Multicenter Study of 359 Cases. ~ 69(5):307-
16, 1990; Uldum SA, ‘JensenJS, et.al., Enzyme Immur6assay for Detection of Immunogiobulin M (IgM)
and IgG Xmtibodies to 14ycoplmsmspneumonia. J c~

. .
30(5):1198-1204, 19~2; Jacobs E,
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12. Efficacy as per sponsor:

12.1 Overview of @alysis Groups:
Approximately 528 subjects, men and women who were 18
community-acquired pneumonia, were to have been enrolled

clinically evaluable subjects (183 per treatment group) for

years of age or older with
in this study to ensure 366
efficacy analysis.-Enrollment

could continue until sufficient numbers of evaluable subjects with infections due to
critical pathogens were enrolled. Approximately 4% of subjects were enrolled prior to
the first amendment to the protocol, approximately 10% were enrolled between the first
and second amendments, and approximately 21* were enrolled between the second and third
amendments. Approximately 64* of subjects were enrolled after the third amendment.

Data presented in tables and figures in this review are the pooled safety and efficacy
results from all study centers, with the exception of the data for one investigator (F.P.
Maggiacmo, M.D.). The study was prematurely terminated at this site for administrative

reasons and data for this investigator were not used in support of efficacy and were not
included in the summary displays of safety or efficacy presented in this report, with the
exception of two subjects with serious adverse events (one in each treatment group) who
were discussed herein for completeness. This investigator was not terminated due to either
lack of efficacy or serious adverse events, and no subjects from this center discontinued
the study due to an adverse event. A prestudy (admission) culture was not obtained for
subject 208; this subject was discontinued from the study on Day 4 for this reason. No
other significant protocol variations were noted.

—
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12.1.1. Demographics

Five hundred ninety

268

of Randomized Cohort:
subjects were enrolled in this study by 40& the 47

investigators (six investigators did not enroll any subjects, and data for an
additional 17 subjects enrolled by Dr. Maggiacomo were not included in the data
summaries, as discussed earlier) . The intent-to-treat group included 295 subjects
who were randomized to the levofloxacin treatment group and 295 subjects who were

.-

randomized to the ceftriaxGne/cefuroxime treatment group at the 40 centers. The
demographic end baseline iadmission) characteristics of the intent-to-treat group
were summarized in Table 12.1.1 and were comparable between the levofloxacin and
ceftriaxone/cefuroxime treatment groups. The mean age for all subjects was
49.7*18.1 years with a range of 18-96 years. Men accounted for 55.1% of all
subjects enrolled and Caucasians for 63.6*. Three hundred ten (52.5*) of subjects
were enrolled as outpatients, and 280 (47.5%) as inpatients. The majority (82.5%)
of subjects had infections that were categorized as mild/moderate, with the
remaining subjects (17.5%) having severe infections. There were no statistically

significant differences (p>O.36) between the two treatment groups for any of the

demographic features tested (i.e., age, sex, race) for any of the analysis groups.

Rosters of potential subjects were maintained by the investigators. These rosters
were designed to record the severity of a potential subject~s disease, the reason

a potential subject was excluded from the study, ad the admission date and subject
number assigned, if the subject was enrolled. The most frequent reason for not
entering a potential subject was absence of signs and symptoms of pneumonia. Other
reasons frequently noted included patient refusal or inability to give informed
consent, other underlying disease, or conditions prohibited by the protocol, use
of antibiotics, residence in a supenised care facility (e.g., nursing home) and
allergy to penicillin.

Figure 12.1.1
Bameline Demographic Characteristics:

Modified Intent-to-Treat Cohort (Protocol K90-071). .
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12.1.2. Discontinuation/ completion information:
Of the 590 subjects enrolled in the study, 295 received levofloxacin and 295

—

—
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.

received ceftriaxone/cefuroxime (intent-to-treat group) . Of the 277 subjects in the

levofloxacin group with known discontinuation/completion information, 28 (10.1%)
subjects discontinued therapy prematurely; 249 (89.9%) conpleted thera~according
to the regimen prescribed by the investigator. Of the 277 subjects in the
ceftriaxone/cefuroxime treatment group with known discontinuation/ completion
information, 36 (13.0%) discontinued therapy prematurely; 241(87.0*) completed
therapy. Discontinuation/completion information was unknown for 18 Subje=s in each
of the two treatment groups. The most cormnon single reasons for therapy
discontinuation in both treatment groups were adverse events and clinical failure.

Figure 12.I.2.A

Discontinuation/Coqletion Information:
Modified Intent-to-treat Subjects (Protocol X90-071)

P690Sutjacts

Ermlsd

&“” s
Table 12.1.2.B

Reasons for Premature Discontinuation:

Modified Intent-to-Treat Subjects (Protocol X90-071)

T@ D-fnti a (10.i)

WAIwEhD~thti ~~

26 (lS.o)

Infonnatbn
277 m

TdaJn4trUnWmwn Dkunthus.tbrd
amlpk!tim Intnmsth la 18

ol

nswcssec4peunonia (sumno Lv.eccass@vsOngolal antMc Lnasw&d
(sub@

e

PIWah puhmnwy mnsuk rsqumw ty ●sutyd - moaning M
tsubld

—

—
.



(.. 270

12.1.3. Data aet analyzed: Clinically and Microbiologically

Evaluable Patients: ..

TWO hundred twenty-six (76.6*) subjects in the levoflo=cin treatment group and 230
(78.Ot)subjects in the ceftriaxone/cefuroxime treatment group were clinically
evaluable. One hundred twenty-eight (43.4*) subjects in the levofloxacin group and
144 (48.8%) subjects in the ceftriaxone/cefuroxime group were microb$qlogically
evaluable. The main reasons that subjects were not clinically evaluable were
insufficient course of therapy and inappropriate timing (outside of the l-10-day
posttherapy window used to determine evaluability) of posttherapy clinical
evaluation (levofloxacin group) and no posttherapy evaluation and insufficient
course of therapy (ceftriaxone/cefuroximegroup), whereas the major reason that
subjects were not microbiologicallyevaluable in the two treatment groups was
absence

Number

of bacteriologically proven infection.

Table 12.1.3.A
of Subjects by Analysia Group and Study Center (Protocol K90-071)
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Table 12.1.3.B

Primary ReaBons for Clinical or Microbiologic Nonovaluability:
~naor’e Modifiad Xntent-to-Treat Cohort (Protocol X90-071) _
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12.1.4. Danographics of Clinically and Microbiologically

Evaluable Cohort:
The demographicand baseline (admission)characteristicsfor the clinically and
microbiolcgically evaluable subjects are shown in Table 12.1.4, below. The
demographicand baselinecharacteristicsof the subjectsincludedin the clinically
and microbiologicallyevaluablegroups were comparable to the previously described
intent-to-treat group with respect to age, sex, racial composition, and other
baseline characteristics. The demographic and baseline characteristics of

clinically evaluable and microbiologically evaluable subjects were
There were no statistically significant differences (p>O.36) found
treatment grtiupsfor the variables tested (i.e., age, sex, race) .

comparable.
between the

,.



272

Table 12.1.4
Demographic and Baaeline Cbaractoristics:

Sponsor’a Clinically and Microbiologically Bvaluable Subject8 (Protocol

.
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12.1.5.
mean durations of iv. and oral levofloxacin therapy were 3.2 davs and 10.2The

days, respectively, and the mean number of days of to~~l therapy wa~ 10.9. The
median number of days of iv., oral, and total therapy were 3, 10, and 10, .
respectively. Eighteen subjects received levofloxacin for more than 14 days. One
hundred one subjects received both iv. and oral levofloxacin therapy, 16 subjects
received only iv. therapy, and 178 subjects received only oral therapy. The mean
duration of therapy was 12.2 days for subjects who received both iv. and oral
therapy, 4.2 days for subjects who received only iv. therapy, and 1(1.8days for
subjects who received only oral therapy. The mean “duration of
ceftriaxone/cefuroxime therapy was 11.1 days and the median was 11 days. Sixty-five
ceftriaxone/cefuroxime-treated subjects also received erythromycin or doxycycline;
the mean duration of this therapy was 8.5 days and the median was 7 days.

—
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Extant of Bxpoaure to Therapy:
Spoxuor’a Intant-to-trmat Subjectm (Protocol K90-071)
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12.1.6. Concomitant Therapies
Concomitant therapies administered during the study that were considered to
possiblyhave a clinicallyrelevantinteractionwith quinolonesare mnmarized in
Table 12.1.6 along with the total number of subjectswho received any concomitant
therapy. comparable percentages of subjects in the levofloxacin and
ceftriaxoneicefuroximetreatmentgroups took concomitanttherapies (92.9%subjects
in the levofloxacin treatment groups and 93.9% subjects in the
ceftriaxonelcefuroxime treatment group). Of interest, the most frequently
administeredwere central ne-ous system-acting medications, which were taken by
62.4% and 56.3% subjects in the levofloxacin and ceftriaxone/cefuroxime groups,
respectively.

—
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Table 12.1.6
Summary of Cowwrrant Tharapios:

Modifiod Intant-to-l’restSubjmcta (Protocol lC90-071) —
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12.2. Protocol Results

12.2.1. Overall Clinical Response
Clinical response to treatment represents the primaxy efficacy variable in this
study . The clinical efficacy analyses focus mainly on the group of subjects
evaluable for clinical efficacy. Supporting summaries and analyses are provided for
intent-to-treat subjects, microbiologically evaluable subjects, and for the subsets
of clinically evaluable subjects who did or did not receive one or more days of
twice-daily levofloxacin administration. Posttherapy clinical response rates
(cured, improved, and failed) for the levofloxacin and comparative treatment groups
are summarized and presented by study center, pathogen, and method of evaluation
(respiratory culture, blood culture, or serology/other diagnostic procedure) , and
by severity of infection (severe and mild/moderate). Subjects were considered to
have severe infections if they fulfilled at least one of the following criteria:
bacteremia, diastolic hypotension (diastolic blood pressure <60 mm Hg), or a
baseline respiratory rate >28 breaths per minute. Subjects who did not meet any of
these criteria were considered to have infections that were mild/moderate in
severity.

12.2 .1.1 Clinical Response at Posttherapy Evaluation (5 to 7 Days

After Completion of Therapy)
Among clinically evaluable subjects in the levofloxacin treatment group, 72.1% were
cured and 24.3* were improved, compared with 69.1% and 21.3% in the
ceftriaxone/cefuroxime treatment group. Eight (3.5%) subjects in the levofloxacin
treatment group and 22 (9.6%) subjects in the ceftriaxone/cefuroxime treatment
group failed treatment. Of the 226 levofloxacin-treated clinically evaluable
subjects, 213 (94.2%) received levofloxacin treatment at q24h or q48h intenals;
clinical response rates for these subjects were cure for 154 (72.3%) subjects,
improved for 52 (24.4%) subjects, and failed for 7 (3.3%) subjects. Similar
posttherapy clinical response rates were obsewed for the 13 clinically evaluable
subjects who received one or more days~ twice-daily levofloxacin.treatment. In
the microbiologically evaluable group, levofloxacin treatment resulted in clinical
response rates of 72.7% cure, 25.0% improvement, and T.3% failure;
ceftriaxone/cefuroxime trg~tment resulted in 65.3% cure, 22.9% improvement, and
11.8% failure. For the intent-to-treat group, levofloxacin treatment resulted in
63.7% cure, 26.8% improvement, and 7.1% failure; 2.4% of subjects could not be
evaluated. Ceftriaxone/cefuroxime treatment resulted in 60.7% cure, 25.4%
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improvement,

Clinical

and 11.5% failure; 2.4% of subjects could not be evaluated.

Table 12.2.1.A
Rosponsa Rata ●t Postthorapy Visit for Bach Study Cantor-

Sponsor’s Clinically Rvaluable Subjocta (Protocol K90-071)
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To allow for a dichotomous assessment of clinical response for clinically evaluable
subjects, the clinical response categories “cured” and ‘improved” were combined
into a single category of ‘Clinical Success” and the clinical response category
‘failed” was designated as the category of ‘Clinical Failure.w Two-sided 95%
confidence intewals for the difference in clinical success rates were calculated
to evaluate therapeutic equivalence between treatments. Among clinically evalusble
subjects, levofloxacin treatment resulted in a 96.5% clinical succees rate and
ceftriaxone/cefuroxime treatment resulted in a 9D.4% clinical success rate, with
a 95* confidence intenal of [-10.7, -1.3] for the difference
(ceftriaxone/cefuroxime minus levoflo=cin) in success rates. The confidence
interval, the upper limit of which lies below the upper bound of I(L%suggested by
the FDAIe Anti-Infective “Points to Consider” guideline for establishing clinical

‘-equivalence of treatments with success rates greater than 90%, establishes that
levofloxacin was at least equivalent to ceftriaxone/cefuroxime in terms of
achieving clinical success. Confidence intervals computed for each study center
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with 10 or more clinically evaluable subjects in each treatment group and for all
other centers pooled demonstrate the consistency of results across centers, with
the exception of Dr. Heuer’s center, where levofloxacin possibly demonstrated
enhanced efficacy ccapared to ceftriaxone/cefuroxime. The cure rates for=inically
evaluable subjects in the two treatment groups for all centers combined were
similar, 72.1% for levofloxacin and 69.1* for ceftriaxone/cefuroxime, with a 95%
confidence interval on the difference in cure rates of [-11.6, 5.61. Similar cure
rates were obsened between the two treatment groups across the study centers,
with the exception of Dr. Heuer*s center, as noted above, and across the efficacy
analysis groups. The results of the age, sex, and race subgroup analyses were
similar to those for all evaluable subjects with two exceptions. The cure rate for
clinically evaluable Black subjects treated with ceftriaxone/cefuroxime was higher
than that of Caucasians (81.3% versus 62.3%). Additionally, cure rates in both
treatment groups tended to decrease with age. The posttherapy clinical success
rates for treatment with levofloxacin and ceftriaxone/cefuroxime were 90.5% and
86.1%, respectively, in the intent-to-treat group and 97.7% and 88.2%,
respectively, in the microbiologically evaluable group. To evaluate consistency
across all efficacy analysis groups in clinical success rates, 95% confidence
internals for the difference in success rates are provided. The individual
confidence intervals for all three efficacy analysis groups are centered below zero
and demonstrate the higher clinical success rates achieved in the levofloxacin
group than in the ceftriaxone/cefuroxime group.
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Table 12.2.1.B
Clinical Succemm/Failure Rates and Confidence Intenmls
by Study Center: Sponsor’s Clinically ~luable Subject8 _
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12.2.1.2. Clinical Response at Poststudy Evaluation (21 to 28 Days

After Completion of Therapy)
Of the 205. clinically evaluable subjects in the levofloxacin treatment group who
had a posttherapy clinical response of cured or improved and who had a clinical
reaponge poatstudy, poststudy clinical responses were cure for 18s (90.2%)

subjects, improved for 12 (5.9%) subjects, and relapse for 6 (2.9%) subjects. Among
the 193 subjects in the ceftriaxone/cefuroxime group who met the aforementioned
criteria, 1.7892.2%) subjects had a poststudy clinical response of cure, 11 (5.7%)
improved, and 4 (2.1%) relapse. Impr~vements in clinical responses from the
posttherapy to the poststudy evaluations were noted for the 39 an&31 clinically
evaluable subjects in the levofloxacin and ceftriaxone/cefuroxime groups,
respectively, whose ratings changed from improved to cure. The subjects who
relapsed are further discussed below.
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for all but one of the admission pathogens isolated in ceftriaxone/cef uroxime-
treated subjects; in the case of Subject 4302, the microbiological response of .s.
pneumonia was unknown.

Tabla 13:
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Intent-to-Treat Subjectn (Study X90-71)
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12.2.1.2. Clinical Re8pom8e by Pathogen
Clinical success rates, i.e., percentages with clinical responses of cured or
improved, for the two most prevalent respiratory pathogens in the levofloxacin
group (H. influenza and S. pneumonia) were 100.0%; the clinical success rates for
these two pathogens among ceftriaxone/cefuroxime-treated subjects were 79.2% and
93.9%, respectively. Clinical success rates of 100% were observed for the remaining .
prevalent pathogens isolated on respiratory culture from levofloxacin-treated
subjects, wi~h the exception of H. parainfluenzae; the clinical success rate for
this pathogen was 87.5%. In the ceftriaxone/cefuroxime group, clinical success
rates ranged from 72.7% (H. parainfluenzae) to 100% (M. catarrhalis) for the
remaining prevalent pathogens isolated frcm respiratory cultures. In both treatment
groups, 100% clinical success was obsemed against S. pneumonia isolated in blood
cultures. The most common pathogen (atypical or otherwise) for both treatment
groups was C. pneumonia; clinical success rates obsemed for this pathogen were
97.9% in the levofloxacin group and 92.6& in the ceftrisxone/cefuroxime group.
Clinical success rates for the other at~ical pathogens were 100.0% (M. pneumonia
and L. pneumophila) in the levofloxacin group, and 75.0% (L. pneumophila) and 100%
(M. pneumonia) in the ceftriaxone/cefuroxime group. The posttherapy clinical
response rates by pathogen for the microbiologically evaluable and intent-to-treat
groups were consistent with the results for the clinically evaluable group. In
general, for each efficacy analysis g-p, poststudy clinical response rates of
cure or improved by pathogen were similar to the respective posttherapy response
rates.

.-
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Table 22.2.2
Clinical Responaa Rataa For Subjmctm with Pathogens of Primary Intor~:

Sponsor’s Clinically %eluable Subjects (Protocol K90-071)

12.2.1.3. Clinical Response by Severity of Infection
One hundred ninety (84.1%) of the 226 clinically evaluable subjects in the levofloxacin
treatment group had mild/moderate infections as did 193 (83.9%) of the 230 clinically
evaluable subjects in the ceftriaxone/cefuroxime group. The remaining subjects had severe
infections. Similar proportions of subjects both within and between treatment groups with
mild/moderate and severe infections had posttherapy clinical response ratings of cure

(72.6% and 69.4%, respectively in the levofloxacin group; 69.4% and 67.6%, respectively,
in the ceftriaxone/cefuroxime group) and improved (23.7% and 27.8%, respectively, in the
levofloxacin group; 20.7% and 24.3k, respectively, in the ceftriaxone/cefuroxime group) .
Although the proportion of subjects who failed therapy was similar within treatment groups
for the different severity of disease, a greater proportion of subjects in the
ceftriaxone/cefuroxime group failed therapy (9.8% with mild/moderate infection, and 8.1% -
with severe infection) than in the levofloxacin group (3.7% and 2.8%, respectively) .

Table 12.2.1.3
Clinical Response Five to Seven Days Pomttherapy:

Summarized by Severity of Xafecthn:

Clinically Bvaluable Subjects (Protocol %90-071)
. . e
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12.2.1.4. Clinical Symptoms
The proportions of clinically evaluable subjects with resolution of clinical ~toms of
pneumonia, based on the poettherapy assessment of subjects, are presented in Table 16.

Levofloxacin treatment resulted in clearing of chills, pleuritic chest pain, and purulent
sputum in at least 90.0% of clinically evaluable subjects; in the ceftriaxone~~efuroxime
group, clearing of these symptoms was achieved in at least 85.2% of subjects. Shortness
of breath resolved in 84.1% of levofloxacin-treated subjects compared with 67.8* of
subjects in the ceftriaxone/cefuroxime group. Resolution of sputum occurred in 74.4% of

levofloxacin-treated subjects and 70.2% of ceftriaxone/cefuroxime-treated subjects. Cough
resolved in 58.4% and 56.6% of subjects in the levofloxacin and ceftrisxone/cefuroxime
groups, respectively.

Table 12.2.I.4.A
Proportion of Subjects with Resolution of Clinically Sympt~ of Pneumonia

Based on Posttherapy Evaluation:
Spoxmor’m Clinically Bvaluable Subjects (Protocol K90-071)
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Improvement was evident in both the levofloxacin and ceftriaxone/cefuroxime treatment
groups with at least 63.9% and 85.3% of subjects, respectively, showing resolution or
improvement in each of the individual clinical signs of pneumonia at the posttherapy chest
examination.

Table 12.2.1.4.B
Proportion of Subjects with Resolution or Improvement of Pneumonia

Based on Posttherapy Cheat Examhation:

Clinically Bvaluable Subjects (Protocol K90-071)

lawQ&wdrl

m lm~fi Impow@

DmhbhdBreath&u* W124 (=6%) U124 (73%! 11U143 (KU%) IZ143 (Ei4%)
RaJes 11WM88 (86.6%) Ilms {7.t%) 1=83 (74A%) 27/183 (K@%)

5x@w Wsl (WW?4) ml P%] W63 (94-3%) 2/63 (Ml%)

Rhonchl 9VI07 @6.o%) 7/107 {6.S%) Ioillm (77.7%] 11/lm ~.~)

Wtia K#81 @8.4%) ml (7.496) W76 (M?%) 7176 @x$%)



282

Table 12.2.1.4.C
Proportion of Subjacts with Resolution or Improvement (Posttberapy)

I

in Abnoal Admissiom Radiographic (C)mat x-ray) Fimdings: _
Clinically Evaluabla Subjects (Study X90-071)
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Among clinically evaluable subjects in the levofloxacin and ceftriaxone/cefuroxime groups,
97.2% and 91.3%, “respectively, showed resolution or improvement in abnormal admission
radiographic findings at the posttherapy visit. For the most prevalent pathogen, C.
pneumonia, resolution or improvement of radiographic findings was noted for a greater
proportion of subjects who received levofloxacin (100.0%) as compared with those who
received ceftriaxone/cefuroxime (88.2%). Results were similar within treatment groups for
all clinically evaluable subjects compared with the subset of subjects infected with C.
pneumonia.

12.2.2. Microbiologic Results
Microbiologic response was the secondary efficacy variable in this study. The analyees
of microbiologic response, based primarily on the group of subjects evaluable for
microbiologic efficacy, are presented in detail in this section, with results of other
efficaq anelysis groups provided in the Supporting Data section at the end of the text -

and briefly described here. The results from the other efficacy analysis groups were
generally consistent with those from the microbiologically evaluable group.

12.2.2.1. ID Vitro Susceptibility
Susceptibility to study medication was determined for all pathogens except C. pneumonia,
M. pneumonia, and L. pneumophila. Among levofloxacin-treated subjects, 106 had pathogens
isolated in respiratory cultures, 14 subjects had pathogens isolated in blood cultures,
and 85 subjects had atypical pathogens identified from serologic or urinary antigen tests.
For the ceftriaxone/cefuroxime group, 127 subjects had pathogens isolated in respiratory
cultures, 10 had pathogens isolated in blood cultures, and 85 had atypical pathogens
identified from serologic or urinary antigen tests. Among levofloxacin-treated subjects,
there were 139 pathogens with known susceptibility and ceftriaxone/cefuroxime-treated
subjects had 149 pathogens with known susceptibility to ceftriaxone and 149 pathogena with
known susceptibility to cefuroxime. Of the pathogens with known susceptibility to
levofloxacin, 100.0% were susceptible or moderately susceptible to levofloxacin. Of the
149 pathogens with-known susceptibility to ceitriaxone, 148 (99.3*) were susceptible or
moderately susceptible to ceftriaxone; of the 149 pathogens with known susceptibility to
cefuroxime, 142 (95.3*) were susceptible or moderately susceptible to ce~uroxime. The
pathogens resistant to ceftriaxone and cefuroxime represent 0.7% and 4.7% of all isolates
with known susceptibility from ceftriaxonticefuroxime-treated subjects; none of the
isolated pathogens were resistant to levofloxacin.

—
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Table 12.3.1.A
In vitro Susceptibility of All Pathogm isolated at Add88iOll:

Modifiad Imtont-to-Treat Bubjocta uitb an A&&aioa Pathogua (Protocol X90-071)
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The cross-susceptibilityy of pathogens isolated at admission to levofloxacin and
ceftriaxone and levofloxacin and cefuroxime, respectively, was also investigated. One
hundred ninety (68.8%) of 276 isolates with known susceptibility information for both
levofloxacin and c_eftriaxonewere susceptible to both drugs; 276 (100.0%) isolates with
known cross-susceptibilities were susceptible or moderately susceptible to levofloxacin
and 271 (98.2%) isolates were susceptible or moderately susceptible to ceftriaxone. Five
pathogens were levofloxacin-susceptible and ceftriaxone-resistant. Cross-susceptibility
to both drugs was unknown for 26 isolates. When the cross-susceptibility of pathogens to
levofloxacin and cefuroxime was considered, 230 (83.6%) of 275 isolates with known
susceptibility information were susceptible to both drugs; 275 (100%) isolates with known
cross-susceptibilities were susceptible or moderately susceptible to levofloxacin and 256

(93.1%) were susceptible or moderately susceptible to cefuroxime. Nineteen pathogens were
levofloxacin-susceptible and cefuroxime-resistant. Cross-susceptibility to both drugs was
unknown for 26 isolates.

1
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Tablo 12.3.1.B
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Table 12.3.1.B
Cross-Susceptibility of Adminaion Patbogen# to Levofloxacin and Cefuroxime:

Modified Intent-to-Treat Subjects with an AdmiaeiionPathogen (Protocol K90-071)
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12.2.2.2. Microbiologic Eradication Rates

12.2.2.2.1. Microbiologic Eradication Rates by Subject
Among microbiologically evaluable subjects in the levofloxacin treatment group, the
eradication rate was 98.4t (including 96.1% presumed eradication and 2.3% documented
eradication) compared with 87.5% (including 84.7% presumed eradication and 2.8% documented
eradication) in the ceftriaxone/cefuroxime group, with a confidence interval of [-17.1,
-4.7] for the difference (ceftriaxone/cefuroxime minus levofloxacin) in eradication rates.
This confidence interval establishes that levofloxacin was at least therapeutically
equivalent to ceft-riaxone/cefuroxime in achieVlng microbiologic eradicatitm. TWO (1.6%)
subjects in the levofloxacin treatment group and 18 (12.5*) subjects in the
ceftriaxone/cefuroxime group had microbiologic persistence. Eradication rates were
consistent regardless of sex, age, or race. Of the 128 microbiologically evaluable
subjects in the levofloxacin group, 118 were treated with levofl~c’in at q24h or q48h
intervals throughout their entire course of therapy; the microbiologic eradication rate

—
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for these subjects (99.2%) was similar to that for all
subjects . Among intent-to-treat subjects, levofloxacin
eradication and 5.4% persistence; ceftriaxone/cefuroxime
eradication and 12.7% persistence.

Table 12.3.2.1
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Microbiologic Eradication Ratms and Confidence Imtemals by Study Center:
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12.2.2.2.2. Microbiologic Eradication Rates by Pathogen
The overall microbiologic eradication rates by pathogen in the levofloxacin and
ceftriaxone/cefuroxime treatment groups in sub~ects evaluable for microbiologic efficaq
were 98.4% and 90.4%, respectively. The microbiologic eradication rate was 100% for the
most prevalent pathogens detected in respiratory culture for all microbiol~ically
evaluable levofloxacin-treated subjects, with the exception of H. parainfluenzae, which
had an eradication rate of 87.5%. In the ceftriaxone/cefuroxime group, eradication rates
for these pathogens ranged from 71.4% to 100%. Levofloxacin eradicated 100% of S.
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pneumonia detected in blood cultures, as did treatment with ceftriaxone/cef uroxime.
Among atypical pathcgens detected by serology and urinary antigen assays for Legionella,
levofloxscin treatmentresulted in eradicationrates of 97.9% to 100%, as co~ared with
the 75.0% to 100% eradication rates obeerved in the ceftriaxone/cefuroxime group. The
microbiologic eradication rates for C. pneumonia, H. influenza, S. pneumonia (detected
in respiratory specimens), M. pneumonia, and H. parainfluenzae, the most prevalent
pathogens, were 97.9%, 100*, 100%, 100%, and 87.5%, respectively,-‘for all
microbiologically evaluable subjects treated with levofloxacin as compared with 92.5%,
79.2%, 96.9%, 100%, and 71.4% among microbiologically evaluable subjects in the
ceftriaxone/cefuroxim.egroup. The most remarkable difference in eradication rates between
groups was for H. influenza; the 95% confidence intenal for the difference in
eradication rates was below zero for H. influenza, suggesting that levofloxacin was
atleast equivalent to, and possibly exhibits increased efficacy, as compared to
ceftriaxone/cefuroxime. The eradication rate for these same pathogens was 100% in all
cases among subjects who received levofloxacin at q24h or q48h intenals for their entire
course of therapy. Microbiologic eradication rates posttherapy for clinically evaluable
subjects were similar to those for microbiologically evaluable subjects. Posttherapy
microbiologic eradication rates were somewhat lower for both treatment groups in the
intent-to-treat population, as would be expected. For all efficacy analysis groups,
microbiologic eradication rates poststudy were similar to or lower than the corresponding
rates posttherapy; however, it was noted that a greater number of subjects had a response
of “unknown” at the poststudy time point. One ceftriaxohe/cefuroxime-treated subject

(4502) with susceptibility data available at posttherapy had microbiologic persistence
of a pathogen (Pseudomonas aeruginosa) that acquired resistance to ceftriaxone.

Table 12.2.2.2.2.
Microbiologic Eradication Rates Five to Seven Days Ponttherapy a

Summarized by Method of Evaluation, Pathogen, and Treatment Regimen:

Microbiologically Bvaluable Subjects (Study K90-071)
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12.2.3. Microbiologic Eradication Rates by Severity of Infection.
Eradication rates both by subject and by pathogen were 98.1% for sub~ts with
mild/moderate infections and 100% for subjects with severe infectionsin the levofloxacin
treatmentgroup; for the ceftriaxone/cefuroxime group, these rates were 87.9* by subject

and 90.2t by pathcgen for subjects with mild/moderateinfections and 85.7% by subject and
90.9% by pathogen for subjects with severe infections. The data indicate that l~fofloxacin
treatment, as asseBsed by subject or pathogen, was comparable in efficacy among subjects
with severe infections and those with mild/moderate infections and produced eradication
rates as high or higher than ceftriaxone/cefuroxime treatment.

Table 12.2.3.
Microbiologic Eradication Rates Five to Seven Days Posttherapy,

Summarized by Saverity of Infection:

Microbiologically Bvaluable Subjects (Study K90-071)
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12.2.4. Relationship Between Clinical and Microbiologic Response
AS confirmatory information, a cross-tabulation of microbiologic response versus clinical
response was prwided for subjects evaluable for microbiologic efficacy. This summary was
also provided by pathogen. treatment groups with respect to overall adverse event
incidence rates, 95% confidence intenrals are computed around the between-treatment

overall difference in subject incidence rates. In addition, 95* confidence intenals are
computed around the difference (ceftriaxone/cefuroxime minuslevofloxacin) in adverse
events rates for each body system. Adverse events considered probably or definitely
related to study drug are classified as drug-related. These adverse events are summarized
by body system and primary term.

12.5. Superinfection
Three subjects treated with levofloxacin and four subjects in the cefuroxime/ceftriaxone
treatment group developed superinfection. The organism causing the superinfection in two
of the three levofloxacin-treated subjects was susceptible to levofloncin; susceptibility
of the pathogen to levofloxacin was un)uiown for the third subject. In the
ceftriaxone/cefuroxime group, one subject had a superinfection due to organisms
susceptible to both drugs, one subject’s superinfection was caused by a pathogen resistant
to both drugs, and two subjects had a superinfection caused by organisms for which
susceptibility to ceftriaxone and cefuroxime was unknown.

—
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Table 12.5
Lint of Subjocta with Suparinfoctions:

Sponsor’m MxUfkmd Intsnt-to-Trmat Cohort (Protocollt90-071) —
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12.6. Summary of Key Efficacy Results as per Sensor
The clinical response rates are comparable among the analysis groups within treatment
groups. Higher clinical response and microbiologic eradication rates were observed in the
levofloxacin group than in the ceftriaxone/cefuroxime group. The clinical response rates
in the levofloxacin group exceeded 90% for all analysis groups, as did the microbiologic
eradication rate in the subjects evaluable for microbiologic efficacy; the microbiologic
eradication rate for intent-to-treat subjects with an admission pathogen was 88%.
Moreover, there was concordance between the clinical and microbiologic responses based
on a cross-tabulation of clinical response versus microbiologic responee, further
confirming the consistency and reliability of these response measures. The clinical and
microbiologic results clearly demonstrate that levofloxacin was at least equivalent to
ceftriaxone /cefuroxime. The major clinical and microbiologic efficacy results are
summarized in Table 12.6, on the following page.

-- .-
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12.7. Sponsor’s discussion of efficacy results

The objective of this study was to evaluate the safety and efficacy of
levofloxacin versus ceftriaxone/cefuroxime in the treatment of community-acquired
pneumonia in adults. Clinical response to treatment (evaluated by the
invest igator posttherapy as cured, improved, failed, or unable to evaluate and

at the poststudy follow-up contact or visit (21 to 28 days posttherapy) as cured,

improved, relapsed, or unable to evaluate) was assessed as the primary efficacy -

variable and was based on the group of subjects evaluable for clinical efficacy.

Microbiologic response to treatment (eradication or persistence of pathogen(s)

isolated at admission and of the subject’s infection considering all pathogens

isolated) was the secondary efficacy variable and was based on the group of

subjects evaluable for microbiologic efficacy. Clinical and microbiologic

results based on these analysis groups are supported by results from the intent-
to-treat group. In all efficacy analysis groups examined, levofloxacin was lkth
effective and safe in the treatment of ccmmmnity-acquired pneumonia. The results
for the levofloxacin and ceftriaxone/cefuroxime groups that were obtained in this
study are valid for comparison for several reasons. The two treatment groups were
determined by randomization and were comparable with respect to demographics and
other admission characteristics, premature discontinuation rate, concomitant
medications, enrollment at study centers, reasons for exclusion, and clinical

signs and sympto~ at admission. Given the-similar composition of th~ two groups,

any differences or similarities in clinical response, microbiologic+response, or

adverse event profile can be attributed to the individual drugs. Levofloxacin

treatment provided therapeutic~lly equivalent clinical responses to those

observed with ceftriaxone/cefuroxime. When the posttherapy clinical response

categories “cured” and “improved” were combined into a single category of
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“Clinical Success”, levofloxacin treatment resulted in 96.5% clinical success for

clinically evaluable subjects, while ceftriaxone/cefuroxime treatment resulted

in 90.4% clinical success. The 95% confidence intenal [-10.7, -1.U_for the

difference (ceftriaxone/cefuroxime minus levofloxacin) in posttherapy success
rates reflects the somewhat higher clinical success rate achieved with

levofloxacin over ceftriaxone/cefuroxime and indicates that levofloxaqin is at
least equivalent to ceftrisxone/cefuroxime. The data indicate that levofloxacin
treatment was comparable in efficacy among subjects with severe infections and
those with mild/moderate infections. Additionally, the incidence of clinical
relapse was c3.0%. In microbiologically evaluable subjects, levofloxacin therapy
resulted in an overall eradication rate by subject of 98.4* versus 87.5% for
ceftriaxone/cefuroxime with a 95% confidence inte?nralof [-17.1, -4.71 for the

difference (ceftriaxone/cefuroxime minus levofloxacin), establishing an advantage

of levofloxacin therapy over ceftriaxone /cefuroxime therapy. In the

microbiologically evaluable group, levofloxacin treatment resulted in 97.9%

eradication of the most common pathogen (C. pneumonia) , 100% eradication of the
second and third most common pathogens (S. pneumonia and H. influenza), and
100% of the fourth most common pathogen ( M. pneumonia) versus 79.2% to 96.9%
eradication in the ceftriaxone/cefuroxime treatment group. There was 100%
eradication of M. catarrhalis, 100% eradication of L. pneumophila, and 87.5%
eradication of H. parainfluenzae in the levofloxacin treatment group versus
8s.7%, 75.0% and 71.4% eradication, respectively, in the ceftriaxone/cefuroxime
group.

Furthermore, good agreement between the clinical and microbiologic responses was
obsemed. There was also general consistency of results across centers and across
the efficacy analysis groups evaluated. The clinical and microbiologic results

clearly demonstrate that levofloxacin is at least equivalent to

ceftriaxone/cefuroxime. In medical practice, physicians almost always treat

community-acquired pneumonia before any results of cultures and susceptibility

testing are available. To this end, a new drug candidate must be evaluated as to

its suitability as a reasonable empiric choice as well as its ultimate safety and

efficacy. The distribution of pathogen types encountered should be evaluated on -

the basis of what is known about the disease and the pathogens encountered should

be representative. of what would be expected in the United States. In addition,
it is important to know for what percentage of organisms the new drug candidate
would have been entirely inappropriate, i.e., what percentage of organisms are

resistant. In this study we identified the typical organisms, H. influemzae, S.
pneumonia, M. (Branhamella) catarrhalis, K. pneumonia, M. pneumonia, L.

pneumophila, and S. aureus, that are historically associated with community-

acquired pneumonia, as well as C. pneumonia which is increasingly being

recognized as a significant pathogen in respiratory tract infections worldwide.
These eight organisms represent the most common pathogens and are consistent with
what clinicians can be expected to encounter on a routine basis. It is noteworthy
that none among all pathogens isolated at admission was ultimately identified as
resistant to levofloxacin versus five for_ceftriaxone and 19 for ce-furoxime. In
addition, all of the ceftriaxone/cefuroxime-resistant pathogens isolated at
admission were fully susceptible to levofloxacin. From this standpoint it can be

concluded that levofloxacin is a reasonable antimicrobial for the treatment of
patients with community-acquired pneumonia.

_ _——
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13. Efficacy as per Medical Officer:

13.1. Patient Population:

Of the sponsor’s intent-to-treat cohort, the medical officer consf7i&ed 76%

(446/590) clinically evaluable. Of the 446 clinically evaluable patients, the
medical officer determined that 63% (282/446) of these were microbiologically
evaluable. Of the clinically evaluable patients, 37% (164/~4S) were
microbiologically unevaluable.

The clinically and microbiologically evaluable patient groups are further
subdivided by treatment arm. In the subgroup of patients that were clinically
evaluable, regardless of microbiologic evaluability, 49% (220/446) were treated
with levofloxacin and 51% (226/446) were treated with ceftriaxone/cefuroxime.
In the subgroup of FDA clinically AND microbiologically evaluable patients, 46%

(130/282) were treated with levofloxacin and 54% (152/282) were treated with
ceftriaxone/cefuroxime. The breakdown of the intent-to-treat cohort into
evaluable and unevaluable subgroups is summarized in Tables 13.1.A and 13.1.B,
on the following page. The reasons for both clinical and microbiologic
nonevaluability are summarized in a series of tables under Section 13.1.2 of this
review. —

.-
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Because the protocol was amended to allow for twice
in cases of severe pneumonia, the clinically and
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daily dosing of levofloxacin
microbiologicallyAvaluable

patient groups were further subdivided by dose of assigned study medication. In
the subgroup of 446 patients that were clinically evaluable, regardless of
microbiologic evaluability, 51% (226/446) were treatect with
ceftria2cone/cefuroxime, 46% (207/446) were treated with levofloxacin 500 mg QD
snd 4% (13/446) were treated with levofloxacin 500 mg BID. In the subgroup of
282 FDA clinically AND microbiologically evaluable patients, 54% (152/282) were
treated with ceftriaxone/cefuroxime, 46% (119/282) were treated with levofloxacin
500 mg QD and 4% (11/282) were treated with levofloxacin 500 mg BID. In the
sukgroup of 130 FDA clinically AND microbiologically evaluable patients treated
with levofloxacin, 91% (119/130) were treated with levofloxacin 500 mg QD and 8%
(11/130) were treated with levofloxacin 500 mg BID. The analysis of the FDA
clinically evaluable subgroup by microbiologic

drug is summarized in Tables 13.1.B and 13.1.c,

Table 13.1.B

FDA Clinically and Microbiologically

evaluability and dose of
below.

Evaluable Patients:
Subgroups_of FDA Clinically Bvaluable Cohort by Levofloxacin Dose

(Protocol K90-071)

FDA clinically Zvalmble
AU Patianta
446/590 (76%)

Levofloxacin QD/BZD Cmftriuon9/c ●furoxime
220/446 (49%) 226/446 (51%)

Levofloxacin QD Lavofloxacin BID
207/446 (46%) 13/446 (3%)
207/220 (94%) 13/220 (6%)

Teble 13.1.C
FDA Clinically and Microbiologically Evaluable Patients:

Subgroups of FDA Clinically Bvaluable Cohort by

Study

Microbiologic Bvaluablility and Levofloxacin Dose (Protocol K90-071)

POA ClinicallySvaluable
All Patiente
446/590 (76%)

FDA Clinically and FDA Clinically Ralusble
JticrobiologicallyEvmluable Kicrobiologically Unevaluable

282/446 (63%) 164/446 (37*)

LEVO QD or BID Ceftrhxone/ LZVO QD or BID Cettriexonel
cefuroxin cefuroxln

130/282 (46%) 152/282 (54%) 90/164 (55%) 74/164 (45*)

LmJoQD LBVOBID ‘- Ceftrhxone/ -20 QD LZVO BID Ceftriuonel
cefuroxime — cefuroxti

“9/282 (42%) 11/282 (4%) 152/289 (54%) 88/164 (54%) 2/164 (1%)
/130 (92%)

74/164 (45*)
4 11/130 (6%) 88/90 (98%) 2/90 (2*)
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13.1.1. Demographics of

Evaluable Cohorts

Of the 446 patients in the FDA

FDA Clinically and Microbiologically

clinically evaluable patient cohort,=6 (55%)
were male and 200 (45%) were female. ‘rhisis similar to the distribution found

in the intent-to-treat cohort, as sumarized in Table 12.1.2. In the cohort of

282 patients who were both clinically and microbiologically evaluable, there were
164 (58%) males and 118 (42%) females. The distribution among racial groups was
similar for both cohorts, and this was similar to the distribution in the intent-
to-treat cohort. Likewise, the age distribution in the clinically and
clinically/ microbiologically evaluable cohorts was similar to that in the
intent-to-treat cohort. The demographics of the FDA clinically evaluahle and the
FDA clinically and microbiologically evaluable patient subgroups are summarized
in Table 3.1.1.A, below.

Table 13.I.1.A
Demographic and Ba8eline Characteriatica:

FDA Clinically And Microbiologically Evaluable Cohorts (Protocol K90-071)

PM Clinically Bvaluable PDR Clinically and
Pathnts N {%) M.icrobiologicallyBvaluable

— PatientsN (%)

TOTAL 446 282/446 (63%)

sax
M 246/446 (55%) 164/282 (58*)
F 200/446 (45%) 118/2S2 (42*)

Race
Caucasian 301/446 (67%) 193/282 (68%)

Black 137/446 (31%) 06/282 (30t)
Hispanic 6/446 (2%)
Asian

3/282 (It)
o 0

Other 2/446 (<1%) o

Age (yrs)
$45 201/446 (4S%) 125/282 (44%)
46-64 133/446 (30%) 86/282 (30%)
>65 112/446 (25%) 71/282 (25%)

—



295

When the FDA clinically and microbiologically evaluable patients were further
subdivided by treatment arm, the treatment groups demonstrated the same
distribution of demographic variables as did the-
demographics of the PDA clinically evaluable
microbiologically evaluable patient subgroups are
in Table 3.1.1.B, below.

intent-to-treated g-p. The

and the FDA
summarized by

Table 13.1.1.B
Demographic and Bameline Characteristics:

clinically and
treatment group

.-

FDA Clinically And Microbiologically Bvaluable Cohorts:
Analysis by Treatment Group: Levofloxacin 500 mg QD vs. Ceftriaxone/cefuroxtie

(Protocol X90-071)

FDA Clinically ZVdUable Patianta N (%) FDA Clinically and 36.icrobiologically
Zvaluable Patienta N (%)

TOTAL

Sex
M
F

RacO
Caucasian

Black
Hispanic
tiisn
Other

Ago (yrs)
<45
46-64
>65
* 14/44

ALL

446

246/446(55*)
200/446(4s%)

301/446 (66*)
137/446 (32*)

6/446 (1.3%)
o

2/446 (<1%)

201/446 (4S})
133/446 (30*)
112/446 (25%)

(3%) of patien

LEVO* cattrhxoml ALL LEvo
500 q QD caf uroximm 500 w Qn

207/446(46%) I 226/446(S1%)I282/446 (63%)I119/282(42%)

112/207 (S4%) 126/226 (56?) 164/282 (s8%) 67/119 (56%)
95/207 (46%) 100/226 (44t) 118/282 (42*) 52/119 (44*)

142/207(67%) 1501226(66%) 193/282 (68*) 81/119(6S%)
61/207(31*) 72/226(32%) 86/282 (30%) 37/119(31%)
4/207 (2%) 2/226 (<1%) 3/282 (1%) 1/119(d%)

o 0 0 0
0 2/226 (<1%) o 0

I I 1

I I
95/207(47*) 101/226(45*) 123/2E2(45*) S5/119(46*)
69/207(32%) 62/226(27*) 86/282(30t) 36/119(30t1
43/207(19t) 63/226(28%) 71/282(25%) 28/119(24%)
received levofloxacin 500 mg BID and are thus excluded fmm t

ceftrhx0n9/

c, furo%ime

150/282 (54*)

91/152 (60t)
61/152 (40%)

105/152 (69*)
45/152 (30%)
2/1s2 (1*)

o
0

66/152 (43%)
48/152 (32%)
38/152 (2S%)

is table

13.1.2. Reasons for Nonevaluability

13.1.2.1. Reasons for Clinical Nonevaluability

Of the sponsor’s intent-to-treat cohort, the medical officer considered 76%

(446/590) clinically evaluable and 24% (144/590) clinically unevaluable. The
three most common reasons for clinincal nonevaluability in the FDA clinically
nonevaluable subgroup were (1) patient lost to follow-up, (2) insufficient course
of therapy, and (3) inappropriate clinical evaluation date. The reasons for
clinical nonevaluability are summarized in the tables on the following page.
Table 13.1.2.1.A contains a summary for the entire nonevaluable cohort, and Table
13.1.2.1.B lists the reasons for nonevaluability in cases in which the medical
officer differed.with the sponsor. .

—
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Table 13.I.2.I.A

I

.’

Reasons for Clinical Nonevaluability:
ALL FDA Nonevaluable Patients (Protocol K90-071) —

Raamon for Nonavaluability Total Lzvo c*ftriuon*/
N N Cmfuroxime

N .-

Inappropriate clinical evaluation date 30 18 12 Includes patients with early EDT
evaluationwith no EOS evaluation

Clinicaldiagnosisunconfirmed 8 4 4

Lost to follow-up 34 16 18

Protocol violation 17 9 8

HIV positive or AIDS patient 8 3 5

Study Drug Therapy
Insufficient course of therapy 32 17 15 ● + More t~ 2 missed doses

Multiple missed doses** 4 3 1
Extended course of therapy 1 .- 1

Effective concurrent antibiotics 8 4 4 ● * prestudy Antibiotics with NO

Prestudy antibiotic therapy”** 3 1 2 Pathogen on Admission Culture

rOTAL Reasons 145 75 70
rw- Patients 144 75 69

Of the 144 patients considered clinically nonevaluable by the medical officer,
the medical officer differed with the sponsor’s assessment in 19% (27/144) of the
cases (i.e., the patient was considered clinically evaluable by the sponsor, but
not by the medical officer) . The reasons for clinical nonevaluability in this
subgroup of patients are summarized in Table 13.1.2.1.B, below.

Table 13.1.2.1.B.
Reasons for Clinical Nonevaluability:

Patients Bvaluable bv SDonsor but Nonevaluable bv FDA (Protocol K90-071)

Raasa for NonovalusbilitY . Total LzvO Ceftriaxono/
N N Cofuroxime

N

Insufficient course of therapy 2 -. 2

Multiple missed doses 4 3 1 Missed more then 2 doses

Prestudy antibiotic therapy 3 1 2 Prestudy antibiotics with no
pathogen on admis8ion culture

Concurrent antimicrobial 1 1 --

Extended course of therapy 1 -- 1 Unevalueble as clinical cure

Inappropriate clinical eva~uation date 8 5 _3 Early EOT visit-with no EOS visit

Nosocomial infection 1 .- 1

AIDSor HIV seropositivity -. 8 3 5

TOTAL Reasons 28 13 15
TOTAL Patienta 27 13 14

—
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13.1.2.2. Reasons for Microbiologic Nonevaluability

Of the intent-to-treat cohort, 28% (164/590) were clinically, but not
microbiologically, evaluable, and 24% (144/590) were neither cli~ally or
microbiologically evaluable. Thus , of the intent-to-treat cohort, a total of
524 (308/590) were microbiologically unevaluable. The reasons for microbiologic
nonevaluability are summarized in Table 13.1.2.2, below. The mGst common
reasons for microbiologic nonevaluability were (1) no pathogen isolated on
admission culture, (2) insufficient duration of therapy, (3) inappropriate
bacteriologic culture, (4) lost to follow-up, and (5) residual sputum at the
follow-up visit not cultured.

Table 13.1.2.2
Reasons for Microbiologic Nonevaluability:
All Admission Pathogens (Protocol IC90-071)

Cli.m.icallywlllabld
NicrobiologicallyUaawaluabla

ALL LNo Coftriammd
Cof Uroxhe

kioAdmissionPathogen 146 82 64

Clinica3Diq’noeisUnconfirmed .. -- --

Drug Tb*r8py
Insufficientdurationof therapy -- -- --
ConcurrentAntimicrobialTherapy -- -- --
Multiplemisseddoses -- -- --

ProtocolViolatiOm
2neppropriateBacteriologicCulture -- -- --
SeizureDisorder -- -- --
Other 1 0 1

AIDS or HIVaeropos itivity -- -- --

Lost to Follow-up/No Snd-of-etudyEvaluation -- -- --

ResidualSputumat PosttherapyVisit not Cultured 17 8 9

Tota2:MicrobiologicallyNomen2uabl@ Patients 164 90 74
PDA EvaluablePatients:-AllMicroorganisms

‘rOta.l: SicrobiolopicallyNonmluabla Patimts 164
FDABvaluablePatienta: Al1 Micrmrganisms r

Clinicallyd
MicrobiologicallyUnevduabla

ALL

69

2

20
3
2

17
--
B

2

20

1

144

L2vo C*f triaxOna/

Caf Uroxime

35 34

1 1

10 10
2 1
1 1

10 7
-- --
4 4

0 2

11 9

1 0

75 69

144 I

I 310 I

—

—

.-
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13.2. Clinical Efficacy as per Medical Officer:

13.2.1. Clinical Cure Rates as per Medical Officer:

Using the medical officer’s clinical evaluability criteria delineated =Section
10.2.1 of this review, a total of 446 clinically evaluable patients were selected
from the intent-to-treat cohort: 220 levofloxacin-treated patients and 226
ceftriaxone/cefuroxime-treated patients. M discussed earlier in thig review,
the investigators were given the option of increasing the dosage of levofloxacin
to 500 mg BID for cases of severe community-acquired pneumonia. Thus , in the
levofloxacin arm, 207 patient received levofloxacin 500 mg QD, and 14 patients
received levofloxacin 500 mg BID. The analysis of efficacy was conducted on the
subgroup of patients who received levofloxacin 500 mg QD ONLY, as this was the
dose and duration requested by the sponsor in the proposed labeling. Those
patients who were treated with levofloxacin 500 mg BID are included in the tables
for the purpose of completeness, but the total number of patients was too small
to allow for any definitive conclusions to be drawn from this dosing group.

The overall cure rate was 62% (129/207) for the levofloxacin QD-treated cohort,
and 46% (105/226) for the ceftriaxone/cefuroxime-treated cohort. The overall
cure rates for the two treatment arms (including both doses of levofloxacin) were
at least statistically equivalent in FDA’s clinically evaluable patient group:
the 95% confidence interval for the ceftriaxone/cefuroxime-treated arm minus
levofloxacin-QD-treated arm was ~zG,z0,(-25,-7)4G%,CZ,,indicating superiority of
levofloxacin treatment. Cure rates by investigator for levofloxacin-QD-treated
patients are summarized in comparison to ceftriaxone/cefuroxime-treated patients
in Table 13.2.1.A, below. Clinical cure rates are summarized by investigator and
by levofloxacin dose (QD or BID) in Table 13.2.1.B, on the following page. Note
that , in Table 13.2.1.A, the clinical cure rates are consistent across study
sites for levofloxacin, but show greater variability across study sites in the
ceftriaxone/cefuroxime-treated arm.

Table 13.2.1.A
Posttherapy Clinical cur. Ratea By Investigator:
Levofloxacin 500 mg QD vm. Ceftriaxone/cefuroxime

FDA Clinically Bvalueble Subjoct6 (Protocol K90-071)

Levofloxecin 500 mg QD Ceftriaxone/Cefuroxime

Investigator N Cure Imprwe Fail N Cure Improve Fail
>

Dunbar 17 11 (65) 6 (35) o (0) 30 16 (53) 9 (30) 5 (17)
Heuer 17 10 (59) 4 (24) 3 (18) 17 4 (24) 4 (24) 9 (53)
Kohler 16 10 (63) 6 (38) o (o) lB 7 (39) 9 (50) 2 (11)
Player 18 12 (67) 6 (33) o (o) 16 4 (25) 12 (75) o (o)
Other 139 86 (62) 46 (33) 7 (5) 145 74 (51) 48 (33) 23 (16)

Total 207 129 (62) 68 (33) 10 (5) 226 105 (46) 82 (36) 39 (17)
-——–.- ———— --a =—-.,—--——-..——-.——....--.”——— —.————....L.— —.-<—.—-—,— ———,.... .nesu~cs are presenceu xor anvesuga~ora wacn AU Or_more eva~uaole pa~xencs an eacm creacmenc
group. WI other investigators are combined waler_‘other-. Numbers shown in parentheses are
percentages for that category.

—
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Table 13.2.1. B

Po8ttberapy Clinical Cum Rata8 By Imve8tig8tor:

Levofloxacia 500 w QD and Lovofloxacin 500 mg BID
PDA Clinically Bvaluablm Subjocta by Dome [Protocol K90-071).

Levofloxacia 500 mg QD LeVofkxacin S00 mg BID.-

Investigator N Cure Imprwe Fail N Cure Isprove Fail

Dunbar 17 11 (65) 6 (35) o (o) 5 3 (60) o (o) 2
Geckler

(40)
11 7 (64) 3 (27) 1 (9) --

Heuer 17 10 (59) 4 (24) 3 (18) .-

Kohler 16 10 (63) 6 (38) o (o) --
Player 19 12 (63) 7 (37) o (o) --
Other 131 81 (62) 44 (33) 6 (5) 9 6 (67) 2 ;22) 1 (11)

Total 211** 131 (62) 70 (33) 10 (5) 14** 9 (64) 2 (14) 3 (21)
........--—— —-–s f-— .!-.–—--,–.–-.———–,-L .- —— —————————. .. . , . .Ke5uAcs axe presenceu xor znves~lgauxa wam AU or more evaluame pacusncs m eacn treatment

group. =1 other investigators are combined under ‘other”.
Numbers shown in parentheses are percentages for that category.
●*Of the 22o levofloxacin-treated patients who were clinically evaluable, 94% (211/220) received

— levofloxacin once a day and 6% (14/220) received levofloxacin twice a day.

13.2.2. Clinical Success Rates as per Medical Officer:

The clinical success rate is defined as the combined rate of patients clinically

“cured” or “improved” at the follow-up evaluation. Using this definition, the

overall clinical success rate was 95% (197/207) for the levofloxacin QD-treated

cohort, and 83% (193/226) for the ceftriaxone/cefuroxime-treated cohort. The

overall clinical success rates for the two treatment arms were at least

statistically equivalent in FDA’s clinically evaluable patient groups. The 95%

confidence inte~al around the difference in clinical success rates for
ceftriaxone/cefuroxime-treated arm minus levofloxacin-QD-treated ann was ~zG,z07(- -
18.6, -6.2),3t,~~~,indicating superiority of levofloxacin treatment. Clinical
success rates by investigator for levofloxacin-QD-treated patients are surmnarized
in comparison to ceftriaxone/cefuroxime-treated patients in Table 13.2.2.A, on
the following page. Clinical success rates are summarized by investigator and
by levofloxacin dose (QD or BID) in Table 13.2.2.B, on the following page. Note
that , in both Table 13.2.2.A and 13.2.2.B, the clinical success rates are
consistent across study sites for levofloxacin, but show greater variability
across study sites in the ceftriaxone/cefuroxime-treated arm.

.-
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Table 13.2.2.A

Posttherapy Clinical Success Rates By InvmJtigator:
Levofloxacin 500 mg QD ve. CaftriaxondCafuroxime —

FDA Clinically Bvaluable Suh5ects (Protocol K90-071)

Investigator

Dunbar
Heuer

Kohler

Player
Other

Total

Levofloxacin 500 mg QD

17
17
16
18

139

207

Success”

17 (loo)
14 (82)
16 (100)
18 (loo)
132 (95)

Ceftriaxone/Cefuroxime

N

30
17
18
16

145

226

Success”

25 (83)
8 (47)
16 (89)
16 (100)
122 (84)

187 (83)

.-

95% Confidence
Intemalb

(-34.6,1.3)
(-71.0,0.4)
(-31.5,9.3)

N/A
(-18.5, -3.2)

(-18.6,-6.2)197 (95)

Results are presented for investigators with 10 or more evalueblepatientain ●ach treatment group.
AH other investigators are ccinbinedunder “other=.
‘Clinical success-isdefinedas either clinical cure or clinical improvement. Numbers shown in

parentheses are percentages for that category.

Table 13.2.2.B
Posttherapy Clinical Success Rates By Investigator:
Levofloxacin 500 mg QD and Levofloxacin 500 mg BID
FDA Clinically Bvaluahle Subjects (Protocol K90-071)

Levofloxacin 500 mg QD Levofloxacin 500 mg BID

Investigator N Success” N Success”

Dunbar 17 17/17 (loo) 5 3/5 (60)
Geckler 11 10/11 (91) -- --

Heuer 17 14/17 (82) -- --

Kohler 16 16/16 (100) -- --

Player 19 19/19 (100) -- --

Other 131 125/131 (95) 9 8/9 (89)

Total 211** 201/211 (95) 14** 11/14 (79)
f
Resultsare presentedfor investigatorswith 10 or more evaluablepatients in each treatmentgroup.

AU other investigatorsare ccmbinedunder “other”.
“Clinical success is defined as ●ither clinicalcure or clinicalimprwement.
Numbers shown in parenthesesare percentagesfor that category.
-o-sided confidenceinterval for the difference (ceftriaxone/cefuroxime ❑ inus levofloxecin) in

clinical success rate.
+~gf the 220 levofloxacin-treated patients WhO were Clinically evaluable, 94% (211/220) received

levofloxacin once a day and 6% (14/220) received levofloxacin twice a day.

.-
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13.2.3. Clinical Cure Rates by Pathogen:

Using the medical officer’s clinical and microbiologic evaluabilit~criteria
..

delineated in Sections 10.2.1 and 10.2.2 of this review, a total of 282/590 (63%)
patients were both clinically and microbiologically evaluable. It is this

subgroup on which the following analysis is based. .-

Clinical cure rates by pathogen for levofloxacin-QD-treated patients are

summarized in comparison to ceftriaxone/cefuroxime-treated patients in Table
13.2.3.A, below. Clinical success rates are summarized by pathogen and by
levofloxacin dose (QD or BID) in Table 13.2.3.B, on the following page.

Table 13.2.3.A
Poststudy Clinical Cure Rates for Subjects with Pathogens of Primary Interest:

Levofloxacin 500 mg QD vs. Caftriaxone/cefuroxi.me
All FDA Clinically Evaluable Subiects (Protocol K90-071). .

Levofloxacin 500 ag QD CeftrLaxone/Cefuroxime ~

Pathogen w Cure Zmprove Fail w Cure Improve Fail

Routine Bacterial Pathogena–

Haamophilusinfluenza 27 22 (81) 5 (19) o (0) 24 10 [42) 5 (21) 9 (38)

Haemophilusparainfluenzae 9 5 (56) 4 (44) o (0) 20 7 (35) 6 {30) 7 (35)

IClabsiellapneumonia 1 1 (100) o [0) o (0) 7 2 (29) o (0) 5 (71)

Fforsxella catarrhslis 7 4 (571 2 (29) 1 [14) 6 4 (67) 1 (17) 1 [17)

Staphylococcus aureus 7 7 (1001 o (0) o (0) 7 6 (06} 1 (14) o (0)

Streptococcus pneumonia 29 20 (69) 8 (28) 1 (3) 34 22 (65) 7 (21) 5 (15)

Other Pathogens

Chlauydia pneumonia 58 35 (60) 21 (36) 2 (3) 91 44 (48) 34 (37) 13 (14)

Legionella pneumophila 3 3 (loo) o (o) o (o) 2 0 (o) o (o) 2 (loo)

Mycoplasma pneumonia 21 12 (57) 8 (38) 1 (5) 20 12 (6o) 7 (35) 1 (5)
.. . ——.--—-u————.—— —.-—--.-—k-. --.-—-—.Nuwers snown m paren~neses are percentages xor cnac ca~egory.
?J=number of subjects who had that pathogen alone or in combination with other pathogens.

..

.-
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Poststudy Clinical Cure Rates
Table 13.2.3.B

for Subjects with Pathogens of PrimaryAterest:
FDA Clinically Bvaluable Subiects bv Levofloxacin Dose (Protocol X90-071).

Levofloxacin 500 mg Q13 Levofloxacin 500 mg BID
.-

Patbogen w Cure Improve Fail w Cure Improve Fail

Routine Bacterial Pathogens

Xaamophilusinfluanzae 27 22 (81) 5 (19) o (o) 2 1 (50) 1 (50) o (o)

banophilus psrainfluenzae 9 5 (56) 4 (44) o (o) 1 0 (o) o (o) 1 (loo)

Kkku3iella pneumoniiie 1 1 (loo) o (o) o (o) --

Moraxella catarrhalis 7 4 (57) 2 (29) 1 (14) --

Staphylococcus aureus 7 7 (loo) o (o) o (o) 1 1(100) o (o) o (o)
Streptococcus pneumonia 29 20 (69) 8 (28) 1 (3) 2 1 (50) 1 (50) o (o)

OthazPathogens
Chknydia pneumonia 59 36 (61) 21 (36) 2 (3) 7 5 (71) o 2 (29)

iiagionellapneumophila 3 3 (loo) o (o) o (o) 2 1

Bfpx@asma pnewntoniae

o 1
—

21 12 (57) 8 (38) 1 (5) -. -- .- -.

w,,-k-vm-hn- 4“ -=w-ntha=-- ST- MT.-*”*s”-- +mv thar Fa+mmfirv... ...-=- - -..””.. . . . r-------------- E-----. ---a-- --- ---------=--,.

?&nurnber of subjects who had that pathogen alone or in combination with other pathogens.

13.2.4. Clinical Success Rates

Clinical success rate is defined as
“cured” or “improved” at follow-up
pathogen for levofloxacin-QD-treated

by Pathogen:

the combined rate of patients clinically
assessment. Clinical success rates by
patients are summarized in comparison to

ceftriaxone/cefuroxime-treated patients in Table 13.2.4.A, below. Clinical
success rates are summarized by pathcgen and by levofloxacin dose (QD or BID) in -
Table 13.2.4.B, on the following page.

.-

— —
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Table 13.2.4.A

Poststudy Clinical Success Rates by Pathogen
Levefloxadn 500 mg QD vs. Cmftriswne/Cefurcxime

All FDA Clinically Bvaluable SUb3eCt8 (Protocol X90-071) —

303

Levofhxacin 500 mg QD Caftrhxone/Cefurcxiaae 95% ~
Confidence

Pathogen X* Clinical N CILnical Intewal*

8uccesa Succesn

Routine Bacterial Pathogens
Haamophilus influenza 27 27 (loo) 24 15 (62) (-s7, -19)
Haemophilusparainflusnzae 9 9 (loo) 20 13 (6S) ---
Klebsiella pneumonia 1 1 (loo) 7 2 (29) .-.

Iforaxellacatarrhalis 7 6 (86) 6 5 (83) ---

Staphylococcusaureus 7 7 (loo) 7 7 (loo) ---
Streptococcuspneumonia 29 28 (97) 34 29 (85) (-26, 2)

other Pathogena
Chlamydiapneumonia 59 57 (97) 91 70 (86) (-19, -3)
Legionella pneumophila 3 3 (loo) 2 0 (0) ---
Mycoplasmspneumonia 21 20 (95) 20 19 (95) (-13, 13)

●N=number of subjects who had that pathogen alone or in combination with other pathogens.Numbers
shown in parentheses are percentages for that category.

●*TwO-sided confidence inten?al for the difference (ceftriZXOne/CefUrOXiKIeminUS levofloxacin) in

clinical success rate.
Note: TWO patients with admission C. pneumonia IgM titers equal to 1:16 were left out of the

levofloxacin (QD) treatment group because they also had evidence of preexisting IgG on
admission serologies. They were left out of the analysis because they were clinical
cured/imprwed and, therefore, would falsely increase the clinical cure, clinical improved,
clinical success, and werall success rates when they represented background seroprevalence
and not acute infection.

Table 13.2.4.B
Poststudy Clinical Cure Rates by Pathogen

Levofloxacin 500 w QD and Levofloxacin 500 mg BID
PDA Clinically Bvaluable Subjects (PrOtOCOl K90-071)

Levofloxacin 500 SJS QD Levofloxacin 500 mg BID

Pathogen N= Clinical Succem8 w Clinical Success

RoutineBacterialPathogens
Haemophilusinfluenza 27 27 (100) 2 2 (50)
Haemophilusparaiafluanzae 9 9 (loo) o (o)
Klehsiella pneumonia. 1 1. (loo) :-
Moraxella catarrhalis 7 6 (86) -- .

Staphylococcusaureus 7 7 (loo) 1 1(100)
Streptococcus pneumonia 29 28 (97) 2 2 (loo)

Other Pathogens
Chlsmydia pneumonia.. 59 57._ (97) 7 5 (71)

Legionella pneumophila 3 3 (100) 2 1 (50)
Mycoplasms pneumonia 21 2(Y (95) -- --

.T.....k.a.-.“k----4. ...-amtha--am-- “-YP=.*s”-- far tha~ P-FOE-W
-U1,-=A= =..-wLA‘as Y---a,-------‘-- SF--------Y-- ‘-- ‘---- ‘---=--z -

W.number of subjects-who had that pathogen alone or in combination with other pathogens.
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13.2.5. Clinical Response Rates and Clinical Success Rates by

Severity of Infection.

The clinical response rates and clinical success rates analyzed by severity of
infection in Tables 13.2.5.A and 13.2.5.B, below. The 95% confidence intenals
around the difference in clinical cure rates was 191,174(-29,-9) .s~,‘.\for-Patients
with mild-moderate infections and ,s,31(-25, 23)=*,s5~for patients with severe

infections. The 95% confidence intexvals around the difference in clinical

success rates was M1,x,4(-29,-9).a~,sS,fOr patients with mild-moderate infections
and M, 33(-24, z)86\,97* for patients with severe infections. Thus , by two
parameters of clinical response, levofloxacin is statistically superior to the
comparison regimen in the treatment of mild-moderate infections and statistically
equivalent to ceftriaxone/cefuroxime in the treatment of severe infections.

Table 13.2.5.A

Clinical Response Rates by Severity of Infection:

FDA Clinically Evaluable Subjects (Protocol K90-071)

Levofloxacin Ceftriaxone /Cefuroxime

Severity N Cure Improve Fail N Cure Improve Fail

Mild/Moderate 174 111 (64) 54 (31) 9 (5) 191 86 (45) 71 (37) 34 (18)

Severe 33 18 (55) 14 (42) 1 (3) 35 19 (54) 11 (31) 5 (14)

Numbers shown in parentheses are percentages for that category

Table 13.2.5.B

Clinical Cure Rates by Severity of Infection:

FDA Clinically Bvaluable Subjects (Protocol K90-071)

Levofloxacin 500 q QD Ceftriaxone/Cefuroxime

95% Confidence

N Clinical N Clinical
Interval

Severity Cure Cure

Mild/Moderate 174 165 (64) 191 157 (45) (-29, -9)
Severe 33 32 (55) 35 30 (54) (-25, 23)

Numbers shown in parentheses are percentages for that category

Table 13.2.5.C

Clinical Success Rates by Severity of Infection:

FDA Clinically Evaluable Subjects (Protocol K90-071)

I

I I Levofloxacin500 mg QD I Ceftrhxone/Cefuroxime I
95%

N Clinical Fail N Clinical Fail Confidence
Severity Success Succem

Interval

Mild/Moderate “-’74 165 (95) 9 (5)- 191 157 (82) 34 ‘(18) (-19, -7)
Severe 33 32 (97) 1 (3)-” 35 30 (86) 5-(14) (-24, 2)

Numbers shown in parentheses are percentages for that category

—
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13.3 Microbiologic Response as per Medical Officer

The overall eradication rates in the levofloxacin-QD-treated patints are
summarized by pathogen in Table 13.3.A, below, and 13.3.B, on the following page.
The overall eradication rates are all in the range of 90-100%, with the exception
of M. catarrhalis (86%, 6/7), although this is calculated on a limited-gumber of
isolates and is not outside of the range that would support inclusion of this
organism in the labeling. Legionella pneumophilia had an eradication rate of
100% (3/3), although this too is calculated on a limited number of isolates. Of
note, these estimates are limited by the small number of isolates for each
organism. Ml of the confidence interval either overlap zero or lie entirely
within the negative range, indicating statistical equivalence or superiority,
respectively, of levofloxacin in comparison to ceftriaxone/cefuroxime.

Table 13.3.A
Microbiologic Eradication Rates by Pathogen Category and Pathogen:

All PDA Microbiologically Bvaluable Subjects (Protocol K90-071)

Levofloxacin Ceftriaxone /

500 mg QD Cefuroxime 95% Confidence
— Intervalb

Pathogen Category/Pathogen N Eradicated’ N Eradicated”

Pathogen Category
Gram-positive aerobic pathogens 55 52 (95) 63 58 (92) (-13.2, 8.2)
Gram-negative aerobic pathogens 54 53 (98) 79 53 (67) (-43.6, -18.5)
Other 70 68 (97) 91 83 (91) (-14.2, 2-3)

Total by pathogen 179 173 (97) 233 194 (83) (-19.4, -7.4)
Total by subject 119 114 (96) 152 123 (81) (-22.8, -6.9)

Routine Bacterial Pathogens
Haemophilus influenza 27 27 (100) 20 14 (70) (-54.4, -5.6)

Haemophilus parainfluenzae 9 9 (loo) 19 12 (63) N/A

Klebsiella pneumonia 1 1 (loo) 7 3 (43) N/A
Moraxella catarrhalis 7 6 (86) 6 5 (83) N/A

Staphylococcus auretis 7 7 (loo) 7 7 (loo) N/A

Streptococcus pneumonia 26 25 (96) 31 26 (84) (-27, 3)

Wher Pathogens
Chlamydia pneumonia 58 56 (97) 90 78 (87) (-18, -2)

Legionella pneumophila 3 3 (loo) 2 0 (o) N/A

Mycoplasma pneumonia 21 20 (95) 20 19 (95) (-18.3, 17.8)

“Numbers shown in Parentheses are vercentaqes for that Cate90W.
bA two-sided confidence interval for the difference (ceftxisxone/cefuroxime minus levofloxacin) in

microbiologic eradication rate was calculated for pathogena with 10 or more admission
isolates in each treatment group.

—

.
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Table 13.3.B
Microbiologic Eradication Rat-s by Pathogen Category and Patbo~:

Levofloxacin 500 mg QD, and Levofloxacin 500 mg BID

FDA Microbiologically Evaluable Sulrlectsby Dose (Protocol K90-071)

IMVOflOX~Ctn500w QD Levofloxachl-5oo~ BID

Pathogen Category/Pathogmn
n ihadicatad” H Erad.icatod”

Pathogen Category

Gram-positive aerobic pathogens 55 52 (95) 3 3/3 (loo)
Gram-negative aerobic pathogena 54 53 (98) 3 2/3 (67)

Other 70 68 (97) N/A N/A

Total by pathogen 179 173 (97) 15 12/15 (73)
Total by mabjact 119 114 (96) 12 9/12 (75)

Routine Bacterial Patbogene
Haemophilus influenza 27 27 (100) 2 2/2 (loo)
Haemophilus parainfluenzae 9 9 (loo) 1 0/1 (o)
Klebsiella pneumonia 1 1 (loo) --- --- ---

Morsxella catarrhalis 7 6 (86) --- --- ---

Staphylococcus aureus 7 7 (loo) 1 1/1 (loo)
Streptococcus pneumonia 26 25 (96) 2 2/2 (loo)

Other Pathogens
Chlamydia pneumonia 58 56 (97) 7 5/7 (71)

Legionella pneumophila 3 3 (loo) 2 1/2 (50)

Ffycoplasma pneumonia 21 20 (95) --- ---- --

.N,,nih-T. .h-un <m r,.~-nth-... SY. r,~vf.-.”.”-. +-v that I..+-”--,.. ”------ ------- . . . r------------ --- r----..--=-- --- ....-. -r...==”., .

bA two-sided confidence interval for the difference (ceftrisxone/cefuroxime minus levofloxacin) in
microbiologic eradication rate was calculated for pathogens with 10 or more admisaion
isolates in each treatment group.
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13.4. Overall Success Rates:

The overall success rates for clinically and microbiologically evaluable patients
are summarized in Table 13.4.A, below. The overall success rates arqhown by

pathogen Table 13.4.B, on the following page. There is some variability from

one center to the other in overall success rates, but the 95% confidence
intervals (for each center) all overlap zero or lie within the negative range,
indicating, at minimum, statistical equivalence of the two regimens. The 95%
confidence interval around the difference in overall success rates was ~~z,~18(-
23.5, -7.4)eo~,96*, indicating superiority of levofloxacin over competitor in the
treatment of community-acquired pneumonia.

Table 13.4.A
Overall Success Rates’ and Confidence Intenrals By Patl

Levofloxacin 500 mg QD vs. Ceftriaxone/Cefurox~

FDA Microbiologically JfvaluableSubjects (Protocol K90

bevofloxacin500 mg QD Ceftrhxone/Cefuroxke

Overall Succemmb
Investigator

Overall Succeasb
N N

Dunbar 12 12 (loo) 23 19 (83)
Heuer 11 9 (82) 17 8 (47)
Other 95 92 (97) 112 95 (85)

Total 118 113 (96) 152 122 (80)

Resultsare presentedfor investigatorswith 10 or more evaluablepatientsin eac

>gen:

071)

95% Confidence
Intemalc

(-39.2,4.4)
(-75.1,5.6)
(-20.5,-3.5)

(-23.5, -7.4) I
treatment group.

All other investigatorsare combined under ‘other=. Werall success is defined as either clinical
cure or improvement with microbiologic eradication.

%hxnbers shown in parentheses are percentages for that category.
‘Two-sided confidence internal for the difference (ceftriaxone/cefuroxime minus levofloxacin) in

overall success rate.

.-

— —

—
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There is some variability in overall success rates of levofloxacin against the
pathogens of comun ity-acquired pneumonia, with a range from 78-100%. However,
the 95% confidence intervals (for pathogens with greater than 10 isn.lates per
treatment arm) all overlap zero or lie within the negative range, indicating, at
minimum, statistical equivalence of the two regimens. The 95% confidence
interval around the difference in overall success rates was 152, ~1.(-23.SX-7.4)oO~,

96t8 indicating superiority of levofloxacin over competitor in the treatment of

community-acquired pneumonia.

Table 13.4.B
Overall Success Rates” and Confidence Intervals by Pathogen:

Levofloxacin 500 mg QD vs. Ceftriaxone/Cefuroxime

FDA Microbiologically Evaluable Sub3ects (Protocol K90-071)

Levofloxacin 500 q QD Ceftriaxone/Cefuroxime

Overall Succesmb Overall Succea6b 95% Confidence
Imvemtigator N N

Interval’

Routine Sackerial Pathogens
Haeu?ophilusinfluenza 27 27 (1OO) 20 14 (70) (-50, -lo)
Haemophiluspsrainfluenzae 9 7 (78) 19
K.lebsiellapneumonia

14 (74) ----

1 1 (loo) 7 2
Moraxellacatarrhalis

(29) ----

Staphylococcusaureus
7 6 (86) 6 5 (83) ----

treptococcuspneumonia 7 7 (loo) 7 7 (loo) ----

26 25 (96) 31 26 (84) (-27, 3)

Other Pathogens
Chlamydiapneumonia 58 56 (97) 90 78 (87) (-18, -2)

Legionella pneumophila 3 3 (loo) 2 0 (o) ----

Mycoplazma pneumonia 21 19 (95) 20 19 (95) (-13, 13)

Total 119 114 (96) 152 122 (80) (-23, -9)

Vverall success is defined as either clinical cure or imprwement with microbiologic eradication. -
%umbers shown in parentheses are percentages for that category.
~-sided confidence interval for the difference [ceftriaxone/cefuroxime minus levofloxscin) in

overall success rate. 95% confidence inte=als are presented for pathogens with 10 or more
microbiologically evalusble patients in each treatment group.

.

.-

—

—

—
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14. Safety Results as per Sponsor

14.1. Data Set Analyzed

A subject was included in the safety summaries if he/she received stu~g and
any postadmission safety data were available. Five hundred eighty-four of the
59o (99.0%) subjects enrolled were evaluated for safety. Of the 584 subjects, 291
received levofloxacin and 293 received ceftriaxone/cefuroxime. Sixn3ubjects

(four in the levofloxacti treatment group and two in the ceftriaxone/cefuroxime
group) were lost to follow-up with no safety data available and were therefore
excluded from the safety analysis. Therapy discontinuation/completion
information for these six subjects was unknown.

Table 14.1
Subjects Excluded from Safety Analysis and Reasons for Exclusion

SubM Number AQsu Irlnstm“ w -m b *bJsbn

bud-in

Mm ~N& lssImirJEJwp,noabmAbhr&A

42 F W&r Iaslmbbw.up,manhbbha

30M I@hbr l.omQklbwup,noWalabbdMa
71 F Pdgan Lostmtlbw.up,mmlakhhdata

14.2. Overview of Safety Data

The most frequently reported adverse events in both treatment groups occurred in
the gastrointestinal (GI) system, central and peripheral newous system, body as
a whole, and in the category of psychiatric disorders, and consisted primarily
of headache, diarrhea, nausea, and insomnia. The nature and frequency of adverse
events were generally comparable across the two treatment groups, except for a
higher incidence of headache and diarrhea in the ceftriaxone/cefuroxime group
(10.6%, and 11.3%, respectively) than in the levofloxacin group (6.5% and 5.8%,
respectively) and small differences between treatments in some other GI events;
also, as noted below, there was a higher incidence of chest pain among -
levofloxacin-treated subjects than in ceftriaxone/cefuroxime-treated subjects.
The incidence of disorders of the female reproductive system was greater in the
levofloxacin -group (4.6%) than in the ceftriaxone/cefuroxime group (1.5%);
adverse events reported by levofloxacin-treated subjects in this body system
consisted primarily of vaginitis. The incidence of central and peripheral ne?xous
system adverse events was greater in the ceftriaxone/cefuroxime group than in the
levofloxacin group (14.7% and 10.7%, respectively); the difference was due
primarily to thedifference in the incidence of headache between the two groups,
as noted earlier. The body system with the highest reported incidence of adverse
events for both treatment groups was the gastrointestinal system; a similar
proportion of subjects in the two treatment groups experienced adverse events of
this system (22.3% for levofloxacin and 25.9% for ceftriaxone/cefuroxime) . While
the overall incidence of adverse events classified under the “body as a whole”
system was similar between the two treatment groups, chest pain occurred in 11
(3.8%) of levofloxacin-treated subjects; none of the ceftriaxonE/cefuroxime-

treated subjects reported chest pafi. Similarly, heart rate and rhythm disorders
occurred more frequently among levofloxacin-treated subjects while disorders of
the urinary system occurred more frequently among ceftriaxone/cefuroxime-treated

—
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frequency of adverse events was generally comparable across the two treatment
groups. However, a higher percentage of levofloxacin-treated subjects (4.6%)
compared with ceftriaxone/cefuroxime-treated subjects (1.5%) reported-adverse
events of the female reproductive system; adverse events in this body system
consisted primarily of vaginitis. A higher percentage of ceftriaxone/cefuroxime-
treated subjects (14.7%) compared with levofloxacin-treated subject= (10.7%)
reported central and peripheral nervous system adverse events. For both treatment

groups, adverse events in this body system consisted primarily of headache.

Table 14.3.I.A
Incidence of Adverse Bvents Summarized by Body System:

Subjects Bvaluable for Safety (Protocol K90-071)

(MrJimmrw

3 (10.7) 43
so (’io3) 24
23 (7s) m
21 (72) 32
*8 $2) 43
11 pll) 8
e @.7) 6

6 ?.+) 6
6 (4.5) t?
5 (1.7) o
4 (+.4) 6
4 (1.4) 6
4 (1.4) 2
4 (1.4) 4
3 ~o) i

3 (ID) o
3 (1.0) 2
i M o
i (03) 4

1 p.s) o
t @3) 1
1 @.16) o

0 @a) 3
0 0.o1 3
0 gin) 3
0 pa) 5

fi47)
(62)
(99)

V.6)
@.4)
(27)

(2.0)
(1.6)

W)
(0.7)
(1.4)
@s)

(0.0)

p.4)

&i
ma)
(1.0)

(’fro
(ID)
(1.7)

i-1.6; 96)
(.7.0,24
(-2S,6.S)
(4.1,4.7)
(6.5,2.1)
(4.4,2.0)
(3.4,2.0)
(-25,2.5)
(-7.6,4.6)
(3.4,.0.4)
(-1/3,2.5)
(-IA, 2S)
(as, 1.1)
(al, 20)
(=2, 0.8)

(Q4, 02)
(=0, 13)
(-12, 0.5)
(45, 27)
(.1~ 0s)
(.1.1, 1.1)
(ag 0s)

(03, 2.3)
(Q, 23)
(q 23)
@l, 3.4)

Adverse events (primary terms) reported for at least 2.0% of subjects in either
treatment group .~represented in the tabl~ below. Although similar percentages
of levofloxacin-treated and ceftriaxone/cefuroxime -treated subje-cts reported
gastrointestinal adverse events ove-r”all, the incidence ~f specific
gastrointestinal complaints s~gwed small differences between treatments; some
adverse events (e.g., flatulence) were more common in the levofloxacin group

(2.1% versus 0%), while others (e.g., diarrhea, dyspepsia, and abdominal pain)

—
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i

had a higher incidence in the ceftriaxone/cefuroxime group (5.8%, 3.1%, and 1.7%,
respectively, among levofloxacin-treated subjects and 11.3%, 4.1%, and 3.8%,
respectively, among ceftriaxone/cefuroxime-treated subjects) . Headache and
insomnia were also among the most common adverse events with levofloxacin-treated
subjects showing a lower incidence of headache (6.5%) compared with
ceftriaxone/cefuroxime-treated subjects (10.6%); insomnia was reported by 4.5%
and 5.5% of subjects in the levofloxacin and ceftriaxone/cefuroxime treatment
groups, respectively. The two treatment groups were generally comparable with
respect to the type and incidence of other adverse events with the exception of
chest pain, which was reported by 11 (3.8%) of levofloxacin-treated subjects as

compared with none of the ceftriaxone/cefuroxime-treated subjects.

Table 14.3.1.B
Incidence of Frequently Reported Adverse Events (22%)

summarized by Primary Term: Subjects IWaluable for Safety

cetuiAurti
I.eti=kl
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~.q

(1.4)
~.o)
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‘Prbrnrf9rmaForwd byWD%deub@Wh ●khar-umntgmup.
b-rn~e~-timatiwm~rtiwmn~btirxheh~ group. Ttm

mtdnumbmrofwmrm whowimd ~nwu13iard6-aQminunbu0fwrrrmru4r0-trd
QmtlrkWrdna’iunxkrm w9e131.

The majority of adverse events were assessed as mild in severity. Twenty
subjects in each of the levofloxacin and ceftriaxone/cefuroxime treatment groups
reported one or more adverse events of marked severity. In the levofloxacin
group, the most common marked adverse-=vents included respiratory disorders
(dyspnea, hypoxia, pneumonia, or respiratory insufficiency) in fiv~subjects, and
cardiac events in four subjects (myocardial infarction, atrial fibrillation,
ventr~cular fibrillation, or cardiac failure) . In the ceftriaxone/cefuroxime

group, the most common marked adverse events were respiratory disorders
(respiratory insufficiency, bronchitis, coughing, increased sputum, pleural
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14. Safety Results as per Sponsor

14.1. Data Set Analyzed

A subject was included in the safety summaries if he/she received stu~g and
any postadmission safety data were available. Five hundred eighty-four of the
59o (99.0%) subjects enrolled were evaluated for safety. Of the 584 subjects, 291
received levofloxacin and 293 received ceftriaxone/cefuroxime. Six-ubjects

(four in the levofloxacin treatment group and two in the ceftriaxone/cefuroxime
group) were lost to follow-up with no safety data available and were therefore
excluded from the safety analysis. Therapy discontinuation/completion
information for these six subjects was unknown.

Table 14.1
Subjects Excluded from Safety Analysis and Reasons for Exclusion

S4M ~N# lsslmiokW.up,rloauahbh&8

42 F K&&r kmbbwllp,no anlabbam

30M t4hbr LLmlefllblw!p,rm avalmbbd8ta

71 F Pdgea timbbw+lp,no~bti

14.2. Overview of Safety Data

The most frequently reported adverse events in both treatment groups occurred in
the gastrointestinal (GI) system, central amd peripheral nenous system, body as
a whole, and in the category of psychiatric disorders, and consisted primarily
of headache, diarrhea, nausea, and insomnia. The nature and frequency of adverse

events were generally comparable across the two treatment groups, except for a
higher incidence of headache and diarrhea in the ceftriaxone/cefuroxime group
(10.6%, and 11.3%, respectively) than in the levofloxacin group (6.5% and 5.E%,
respectively) and small differences between treatments in some other GI events;
also, as noted below, there was a higher incidence of chest pain among
levofloxacin-treated subjects than in ceftriaxone/cefuroxime-treated subjects.
The incidence of disorders of the female reproductive system was greater in the
levofloxacin ‘group (4.6%) than in the ceftriaxone/cefuroxime group (1.5%);
adverse events reported by levofloxacin-treated subjects in this body system
consisted primarily of vaginitis. The incidence of central and peripheral nervous
system adverse events was greater in the ceftriaxone/cefuroxime group than in the
levofloxacin group (14.7% and 10.7%, respectively); the difference was due
primarily to the,difference in the incidence of headache between the two groups,
as noted earlier. The body system with the highest reported incidence of adverse
events for both treatment groups was the gastrointestiml system; a similar
proportion of subjects in the two treatment groups experienced adverse events of
this system (22.3% for levofloxacin and 25.9% for ceftriaxone/cefuroxime) . While
the overall incidence of adverse events classified under the “body as a whole”
system was similar between the two treatment groups, chest pain occurred in 11

(3.8%) of levofloxacin-treated subjects; none of the ceftriaxon=/cefuroxime-

treated subjects reported chest pas.n.Similarly, heart rate and rhythm disorders
occurred more frequently among levofloxacin-treated subjects while disorders of
the urinary system occurred more frequently among ceftriaxone/cefuroxime-treated
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subjects. Similar proportions of subjects (approximately 7%) in the two treatment
groups had adverse events considered marked in severity. Seventeen (5.8%)
levofloxacin-treated subjects and 25 (8.5%) ceftriaxone/cefuroxinu&treated
subjects had adverse events considered by the investigator to be drug-related,
i.e., probably or definitely related to study drug. Two subjects in the
ceftriaxone/cefuroxime group, but none in the levofloxacin group, ha~ marked

drug-related adverse events (diarrhea and nausea, and tongue edema) .

Twenty-five subjects discontinued study drug due to adverse events, 13 subjects

in the levofloxacin treatment group and 12 subjects in the ceftriaxone/cefuroxime

treatment group. In the levofloxacin group, all of the adverse events leading to

discontinuation emerged within the first five days of therapy with the exception
of one late occurring event on Day 12 (diarrhea); these adverse events included

primarily gastrointestinal complaints (e.g., diarrhea, nausea, vomiting, and

abdominal pain) or central and peripheral nervous system-related symptoms (e.g.,

convulsions, stupor, tremor, speech disorder, and dizziness) . Treatment-1 imiting

adverse events in the ceftriaxone/cefuroxime group consisted of gastrointestinal

complaints in four subjects; the remaining complaints were scattered across

various body systems. Twenty-three subjects in the levofloxacin treatment group

and 24 subjects in the ceftriaxone/cefuroxime treatment group reported serious

or potentially serious adverse events, the majority of which were unrelated or

remotely related to the study drug and, in many cases, appeared to be related to

the subject’s underlying physical condition. Two levofloxacin-treated subjects

and eight ceftriaxone/cefuroxime-treated subjects died up to approximately four

weeks after completing study therapy. Clinically significant treatment-emergent

changes in clinical laboratory tests, physical examinations, and vital signs were
comparable across treatment groups.

14.3. Treatment-Emergent Adverse Events

14.3.1. Summary of All Adverse Events

One hundred forty-six (50.2%) of 291 subjects evaluable for safety in the .
levofloxacin treatment group and 146 (49.8%) of 293 subjects evaluable for safety
in the ceftriaxone/cefuroxime treatment group reported at least one treatment-
emergent adverse ‘event during the study, including events considered by the
investigator as related or unrelated to study drug. ml body systems had
confidence intervals that included zero, indicating no statistically significant
differences in frequency, with two exceptions: heart rate and rhythin disorders,
and urinary system disorders. Five levofloxacin-treated subjects experienced
adverse events classified as heart rate and rhythm disorders (atrial
fibrillation, ventricular fibrillation, palpitation, and tachycardia) as compared
with none of the ceftriaxone/cefuroxime-treated subjects, while five
ceftriaxone/cefuroxime-treated subjects experienced urinary system disorders

(micturition frequency, oliguria, abnomal renal function, incontinence, and
abnormal urine) as compared with none of the levofloxacin-treated subjects. The
body system with the highest reported incidence of adverse events for both
treatment groups (22.3% for levofloxacin.and 25.9% for ceftriaxone/cefuroxime)
was the gastrointestinal system. The body system with the second hig~est reported
incidence- of adverse events for both treatment groups was the central and
peripheral nervous system. The incidence of adverse events in this body system
was approximately one-half that observed for the gastrointestinal system. The
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frequency of adverse events was generally comparable across the two treatment
groups. However, a higher percentage of levofloxacin-treated subjects (4.6%)
compared with ceftriaxone/cefuroxime-treated subjects (1.5%) reported-adverse
events of the female reproductive system; adverse events in this body system
consisted primarily of vaginitis. A higher percentage of ceftriaxone/cefuroxime-
treated subjects (14.7%) compared with levofloxacin-treated subjects- (10.7%)
reported central and peripheral nervous system adverse events. For both treatment
groups, adverse events in this body system consisted primarily of headache.

Table 14.3.I.A
Incidence of Adverse Events Summarized by Body System:

Subjects Bvaluable for Safety (Protocol K90-071)
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Adverse events (primary terms) reported for at least 2.0% of subjects in either
treatment group _gre presented in the tabl~ below. Although similar percentages
of levofloxacin-treated and ceftriaxone/cefuroxime-treated subje-cts reported
gastrointestinal adverse events ove-rail, the incidence _of specific
gastrointestinal complaints shpwed small differences between treatments; some
adverse events (e.g., flatulence) were more common in the levofloxacin group
(2.1% versus O%), while others (e.g., diarrhea, dyspepsia, and abdominal pain)
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had a higher incidence in the ceftriaxone/cefuroxime group (5.8%, 3.1%, and 1.7%,
respectively, among levofloxacin-treated subjects and 11.3%, 4.1%, and 3.8%,
respectively, among ceftriaxone/cefuroxime-treated subjects). Headache and
insomnia were also among the most comon adverse events with levofloxacin-treated
subjects showing a lower incidence of headache (6.5%) compared with
ceftriaxone/cefuroxime-treated subjects (10.6%); insomnia was reported by 4.5%
and 5.5% of subjects in the levofloxacin and ceftriaxone/cefuroxime treatment
groups, respectively. The two treatment groups were generally comparable with
respect to the type and incidence of other adverse events with the exception of
chest pain, which was reported by 11 (3.8%) of levofloxacin-treated subjects as
compared with none of the ceftriaxone/cefuroxime-treated subjects.

Table 14.3.1.B
Incidence of Frequently Reported Adveree Rrents (22%)

Summarized by Primary Term: Subjects Bvaluable for Safety
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The majority of adverse events were assessed as mild in severity. Twenty
subjects in each of the levofloxacin and ceftriaxone/cefuroxime treatment groups
reported one or more adverse events of marked severity. In the levofloxacin
group, the most common marked adverse-%vents included respiratory disorders
(dyspnea, hypoxia, pneumonia, or respiratory insufficiency) in fiv~subjects, and
cardiac events in four subjects (myocardial infarction, atrial fibrillation,
ventr~cular fibrillation, or cardiac failure) . In the ceftriaxone/cefuroxime
group, the most common marked adverse events were respiratory disorders
(respiratory insufficiency, bronchitis, coughing, increased sputum, pleural
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effusion, dyspnea, or asthma) which occurred in eight subjects and general
disorders of the body as a whole (back pain, fever, asthenia, and fatigue) whidh
occurred in four subjects. Most of the marked adverse events were considered by
the investigator as unrelated or remotely related to the study drug. Two subjects
had marked drug-related (probably or definitely related to study drug) adverse
events; both were in the ceftriaxone/cefuroxime treatment group (dia~hea and
nausea, and tongue edema) . Ten of the 40 subjects with marked adverse events
discontinued study drug treatment prematurely due to adverse events (six subjects
in the levofloxacin treatment group and four subjects in the
ceftriaxone/cefuroxime treatment group) . The marked adverse event(s) listed in
Table 14.3.l.c,on the following page, was the reason given for discontinuation
in all but one ~ of these 10 subjects. Of the nine subjects, the marked
adverse event which led to discontinuation of therapy was considered serious or
potentially serious in two levofloxacin-treated subjects ~ and one
ceftriaxone/cefuroxime-treated subject ~. Eighteen subjects who did not
discontinue the study prematurely (nine in the levofloxacin treatment group and
nine in the ceftriaxone/cefuroxime treatment group) had marked adverse events
that were considered serious or potentially serious. Seventeen (5.8%) subjects
in the levofloxacin treatment group and 25 (8.5%) subjects in the
ceftriaxone/cefuroxime treatment group had adverse events considered by the
investigator to be drug-related. Drug-related adverse events reported by z1.0%
of levofloxacin-treated sUbjeCts were nausea (1.7%), diarrhea (1.4%), and
injection site pain (1.0%). Drug-related adverse events reported by 21.0% of

ceftriaxone/cefuroxime-treated subjects were diarrhea (3.8%) , nausea (2.0%) ,

dyspepsia (1.0%), and vomiting (1.0%). In general, the profile of adverse events

in these different subgroups was comparable to that obsened in the study

population as a whole. However, the overall incidence of adverse events was

somewhat higher among women than men in both treatment groups (54.2% and 46.9%,

respectively for levofloxacin-treated women and men; 52.7% and 47.5%,
respectively for ceftriaxone/cefuroxime-treated women and men) . These sex-related
differences were primarily due to differences in the incidence of adverse events
in the skin and subcutaneous and gastrointestinal body systems. In addition, the .
overall incidence of adverse events increased with age category in both treatment
groups. These results are sumarized in Table 14.3.1.C, on the following page.
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Table 14.3.1. C

Subjects with Adverse Bvent6 of Marked Severity:
Subjects Waluable for Safety (Protocol K90-071) —. .
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14.4. Discontinuations Due to Adverse Events

‘rwenty-five subjects discontinued the @dy drug prematurely due to adverse
events, including 13 subjects in the levofloxacin treatment group and 12 in the
ceftriaxone/cef uroxime treatment group .- One additional levoflo%acin-treated

subject ~ from Dr. Maggiacomo’s site discontinued study therapy due to an

adverse event (vomiting). In the levofloxacin group, all of the adverse events

leading to discontinuation emerged within the first five days of therapy with the
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exception of one case of mild diarrhea, which occurred on Day 12 (subject ~;
these adverse events included primarily gastrointestinal complaints (e.g.-,
diarrhea, nausea, vomiting, and abdominal pain) or central and periphezaLnervous
system-related symptoms (e.g., convulsions, stupor, tremor, Speech disorder,

dizziness) . Treatment-limiting adverse events in the ceftriaxone/cefuroxime group

consisted of gastrointestinal complaints in four subjects, with remains~ events
being distributed among several body systems. The treatment-limiting adverse
event was considered serious or potentially serious in three levofloxacin-treated
subjects ~conmlsions, ~-asthenia, dehydration, nausea, and vomitinq, and
4406-syncope) and
gastroenteritis and

ceftriaxone/cefuroxime-treated subjects ‘-
&mmyocardial infarction).

Table 14.4.A
Subjects who Discontinued due to Adverse Events:

Subjects Evaluable for Safety
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14.5. Serious or Potentially Serious Adverse Events,

Including Death

Twenty-three subjects in the levofloxacin treatment group and 24 subjects in the
ceftriaxone/cefuroxime treatment group (including one subject in each treatment
group from Dr. Maggiacomo’s site) reported a serious or potentially serious
adverse event during or up to approximately four weeks after completing study
therapy, including two deaths in the levofloxacin group and eight deaths in the
ceftriaxone/cefuroxime groupl. Of the 47 subjects with serious or potentially

serious adverse events, five withdrew from the study because of the adverse

event. In all but six cases (levofloxacin-treated subjects ~[hyperkalemia and

gastroenteritisl, ~ [esophagitisl, _ [malaise, nausea, vomiting] , ~

[dehydration, nausea, vomiting], an- [syncopel, and ceftriaxone/cefuroxime-

treated subject- [dehydration, dyspepsia, nausea, vomiting]) , the serious or

potentially serious adverse event was considered by the investigator to be

unrelated or remotely related to the study drug and, in many cases, appeared to

be related to the subject’s underlying physical condition. These results are

summarized in Table 14.5.A. and Table 14.5.B, on the following pages.

.-

——

1
Reports of the serious or potentially serious events for 15 of these 47 subject-swere

not collected on the case report form and do not appear in the individual study report data base
but do appear in the RWJPRI serious adverse event reporting data base and are in the pooled data
baae for the NDA Integrated Safety Summary.
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Table 14.5.A
Subj.cts with Serious Adverse Events:

Levofloxacin-treated Subjects Bvaluable for Safety —
. .
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Table 14.5.B
Subjacts with Sarious Mvorae Bvents:

Ceftriaxone/cefuroxlme-treated Subjects Bvaluable for Safe
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14.6. Dosage Reductions and Concomitant Therapies

Twenty-five subjects had study drug therapy stopped prematurely due -adverse
events and 47 subjects reported serious or potentially serious adverse events.
Several of these treatment-limiting adverse events and serious or potentially
serious adverse events required treatment with concomitant therapies, as

described in the individual mrrative descriptions. Other subjects who required

concurrent therapy due to drug-related adverse events are shorn in Table 14.6,
below; in the majority of cases, the event requiring therapy was related to the
gastrointestinal system (e.g., nausea, diarrhea, dyspepsia) . One subject in the
ceftriaxone/cefuroxime group ~ required an adjustment of study medication
due to an adverse event (anorexia). On Study Day 4, this subject’s dose of
ceftriaxone sodium was reduced from 2 g iv. q24h to 1 g iv. q24h, with
resolution of the anorexia on the following day.

Table 14.6
Subjects who Required Concomitant Therapy for Adverse -ents:

Subjects Evaluable for Safety
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14.6. Clinical Laboratory Tests

14.6.1. Overall Changes
A summary of the means and mean chang~ from admission to pos~therapy for
selected laboratory analytes (blood chemistry and hemtology) by treatment group
is presented in Table 14.6.1. on the foll~wing page. No summaries-are provided

_ for basophils, monocytes, bicarbonate, or urinalysis analytes. There Were no
clinically significant mean changes from admission for any laboratory analyte in

the levofloxacin-treated or ceftriaxone/cefuroxime-treated group, with comparable

results in both groups. Statistically significant differences (pco.05) were
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obsemed for uric acid and platelet count. The differences between the treatment
groups in the cumulative distribution functions for uric acid reflected slightly
larger. mean increases in uric acid in levofloxacin-treated subjtis. Most
subjects in both treatment groups showed an increase from admission to
posttherapy in platelet count; the increases of levofloxacin-treated subjects
tended to be larger than those found for ceftriaxone/cefuroxime-treated subjects.

Table 14.6.1
Means and Mean Changes frcanAdmiseion to Posttherapy for Laboratory Analytes:
Subjects Evaluable for Safety with Data Available at Admission and Posttherapy
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14.6.2. Individual Subject Changes

The sponsor examined the percentage of subjects with low or high values (relative
to the sponsor’s reference range) at admission and posttherapy and number of
subjects having changes from admission. to posttherapy for selected blood
chemistry and hematology laboratory tests. The distribution of subjects with
low, normal, or high values was comparable in the treatment groups at both
pretherapy and posttherapy time points, and showed little change from pretherapy
to posttherapy.

-- .-

14.6.3. Marked Abnormalities _

The laboratory values were classified as markedly abnormal according to standard
criteria developed by RWJPRI, which take into account the postadmission value of

the analyte and the change or percentage change from admission. The incidence

of markedly abnormal test results for individual analytes within a given

.,

—
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treatment group for subjects who had admission data available was low (<4.7%) and
comparable across the two treatment groups, with the exception of SGPT and SGOT,
which were elevated in a greater proportion of ceftrlaxone/cefuroximtreated
subjects than levofloxacin-treated subjects.

Table 14.6.3.A .-
Incidence of Treatment-emergent Markedly Mmoxmal Laboratory Values:

Subjects Evaluable for Safety

Lavofbxacin Cettrtarrons#Cafuroxlms

Proportion- % Proportion” %

Btood ChtwdsiIY
ElevatedGIucoss 3/255 12 3/248 1.2
DecreesedQlucoss 111255 4.3 #248 3.2
ElevatedPotassium 0/260 0.0 11251 0.4
DecraassdPotassium 0f260 0.0 ln51 0.4
Elevated Phosphorous 31254 1.2 0/246 0.0
Decreased Phosphorous 4/254 1.6 2/246 0.8
ElavatedBUN 11269 0.4 0/257 0.0
ElavatedLDH 0/261 0.0 21251 0.8
DecraasadAbumin 0t262 0.0 11251 0.4
ElevatedUrkAcid 0/269 0.0 lt257 0.4
ElevatedAlicaiiiePhosphatass 11265 0.4 ln54 0.4
ElavatedSGOT 11269 0.4 5/257 3.5
ElavatedSOPT X269 0.7 12/257 4.7
ElavatedBiirubrn 1/258 0.4 W247 0.0

HanatolouY
DecreasedNeutrophils ln53 0,4 0/243 0.0
DecreasedLymphocytes 7t253 2.e 111243 4.5
DecreasedPlateM Counf 0/244 0.0 1/240 0.4

“Numerator= nurrberof subjectswttha treatmsnkemergertmtwkedtiabnormaltestvatieand
denominator= nutier of subjectsevaluabie(i.e., adnissbn andpoSadmtssbndata
awailable)for fhat aname. Subjeetswith posttherapylaboratoryresultsoLtainsdrmrs than 30
daysPT are not inciudsdh thisanalysls.

Seventy-five subjects (34 in the levofIoxacin group and 41 in the -
ceftriaxone/cefuroxime group) had a total of 99 markedly abnormal test results
after therapy sta~t. Four subjects in the levofloxacin treatment group and 15
subjects in the ceftriaxone/cefuroxime treatment group had markedly abnormal
liver function tests (elevations in SGOT, SGPT, or alkaline phosphatase). Seven
subjects in the levofloxacin group and 11 in the ceftriaxone/cefuroxime group had
lymphopenia, which was classified as mild (lymphocyte count 0.59-0.99 x 10 3 /pL)
for seven of those subjects (three levofloxacin-treated subjects and four
ceftriaxone/cefuroxime-treated subjects) . Twenty-five subjects had abnoxmal
glucose levels: 14 levofloxacin-treated subjects and 11 ceftriaxone/cefuroxime-
treated subjects. Of these, three levofloxacin-treated subjects and three
ceftriaxone/cefuroxime-treated subjects had hyperglycemia; the hyperglycemia was
considered mild (201-250 mg/dL) in one ~ levofloxacin-treated subject and
one ~ceftriaxone/cefuroxime-treated subject. Eleven levofloxacin-treated
subjects and eight ceftriaxone/cefuroxim~-treated subjects had hypoglycemia,
including six levofloxacin-treated subjects and six ceftriaxone/-cefuroxime-
treated subjects whose hypoglycemia was classified as mild (serum glucose-values
of 60-69 mg/dL) . Four levofloxacin-treated subjects and two
ceftriaxone/cefuroxime-treated subjects had hypophosphatemia (serum phosphorus

—
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level C2. O mg/dL) . As further described below, some abnormalities were related
to the underlying disease state of the subject.

TablaI14.6.3.B
Subjects with Treatment-emergent Markedly Abnomal Laboratory Values:

Levofloxacin-treated Subjects Evaluable for Safety - _

Fdlcw-up hratim d
subject LaboratoryTs# Admb.sionAtnomrslStud

}
Value Theqy

Number Age S@t(MarkedlyAlmcmnalRange) Value VaJue Da (Therapy Day~ @w)
bvofbxe3kr

36F
68M
75 M
31 F

2: !!
64M
35M
35 M
45 M
2B F
61 M
67 M
61 F

SGOT(>761UAJ
Gluoose(.700rNo0 mg/dL)
Lymphoc@es(<l.WIOVpg)
Gluc0se(<70wxo0 ma/dL)

6d.m
07.00

&.Fo
0.09

2!300

17::
3.10
1.C6
1.84
8.44

19.00
0.31
&lo

25.00
107.W
132.00
81.00

107.m
66.00

Ilo.m
Woo

?k40

&=

140.00
a.oo

6%
0.43

92.00
1.60

6&Cu3
7.30
0.97
0.75
0.90

81.00
0.14
&70

52.00
44.00

380.ur
63.00
66.00

2ol.tx3
6503
66.00

9.10

6:%
42.00
66.00
0.42
0.67
0.14

-j :;
-b9.oo
w .00

1.60
64a)

1.80
287.(N

7
10
10
10
14
7

15
10
10
14
10
14
8

11
unkrmm

9
10
10
14
10
2

12
10
5
8

13

1
10
12

1:
14
13
14

10
14
13

:
8
10

2

1.06

730

370
lmoo

1.56
1.80
--

(PT6)

Lympho@tes (<1.WcYfig)’
SGPT (>76 IW

(8)

Flw.sphoruqln&g. (4.0 of >6.0 mgAfL)
GbJcose(<7o w >200 mg/dL)
Ftrosphorus,Inorg. (4.0 or XO mg/dL)
Lymphooytss(<1.crxf@g)
Lymphocyte.s(<mcioVpg)
Neutrophis(<1.CKl@@
SGPT (>75 lU/L)

(PT5)
(Ffr7)

0.80 (4)

(IT 4)

— Lym@&ytes (<1.Oxl&/pg)
Phosphorus.Inorg. (4?.0 or >60 mgAiL)
Hood Urea Nitrogen(90 m dL)

1

Gboose (<70 or >2c0 mg/dL
GhJcose(<70 or <00 mg/dL
GkJco.sa(<70 w >200 mg/dL
Ghmxe (.7o w >200 mg/dL
Glucose(<70 or >200 mg/dL

I
GkJcose(<70 w >200 mg/dL
Glucose(.7o w >2w mg/dL
Phosphorus,Inorg. (4.0 or >60 mg/dL)
Phosphorus,Inwg. (<.0 or >6.0 mg/dL)
Gluoose(.7o or .2OO mg/dL)

35 M
77M
24 M
62F
36M
23 F
78 F
32M
44M
28 M
74 F
73 F

26.00

--

..

..

m

Lym@oqtes (<1.Crxl&/pg) 1.31

1.01 (W 6)
Lymphcqtss (<1.OrlO@g)
Phosphorus,Inorg. (<.0 or >60 mgfil-)
Gboose 70 or .2OO mg/dL

8 1Alkaine hosphatase(MW U/lJ
TotalBkutin(>1.6mg/dL)
GhJoo.se(.7o w *OO mg/dL)
Fttosphorus,Inorg. (4?.0 or z60 mgkJL)
Gkxmsa (<70 m =00 mg/dL)

56M
25 M
51 F
40 M
31 F

4? II
69F

1.26
3.50

109.00
91.00
0.80

12KO0
2.m

119.00
~60 (PI7)

1.62 (m 8)

-.

ceRriQcaIlehfuludrne
69 M Lymptwoyw (<1.O@/pg)
71 M Lym@ocyt~ (<1.Oclr.?/pg)
70 M l-ado Dehydrogenase(>600 ILMJ
87 F UrioAoid(>10.0 mg/dL)
39 F Gluoose(<70 or >2rxJmddL)

321.00

1.85 0.83
1.69 0.65

43aoo 69&oo
6.60 12.00

14&oo 61.U)
67 M Lymph+ (<1.W&/~g) “ 0.43 0.08
33 M l%tassi,rm(<~0 or >6.0 mE#L) 320 6.10

SGPT (>75 NJ/L) 14.00 81.00
50 M %osphorq Inorg. (4.0 or >150mg/dL) 3.10 1.80

“ Ontyrange given intable. Fa oompleiewiteriasee Attachment32a. —

24.00 (PT 6j

(

b~e~tfie to&~ ofth~~ (@ I). N(3W PT refers10the numberd days p@hwapy, ralatiueto the kst day of -
study drugadmrnistraticm.

‘ Subjed discontinueddue to adverse euent. (See Table 29)
t Suq@ SISohad a SakXIS or pdentialty serious advewe event (see Table30).
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Table 14.6.3.c
Sub j ects with Treatment -atnargantMarkedly Abnormal Laboratory Values: -

Ceftriaxone/cefuroxime-trmated Subjects Bvaluable for Safet&
,-.””,,.””“.,1,-”,,..,.”””,

.,!

subjed
Fd:ow;wp

LabwsioryTe#
~ratica d

Admksiin Ahormal
Number Age Sex (Marfre$lyAbncmnalRange) Value Value StudyD@ (TherapyDay)’

~uleicefuraime (-”nueq
28
20
49

75
46
39

;
63

44
79

E

67
40
46
42
42

SGPT(>76W/L)
GIJoose(<70w N(x3m@dL)
SGOT (>76 ILK)
SGPT {>76 lU/L’I

34.00
94.00
17.W
17.00

102.00
212.U)
121.03
23.W

13300
27.00
16.00
26.al

172.00

6003
69.00

%:
66.00
69.00
60.00
77.00
464.U)
60.00
173,00
77.00
69.00

6S3.Ck3
1.70
0.32
0.20
0.29

R416 3
19
2

12
14
12

..

2
3

L6

(TJT1)

IN4

Glucos%<70& <00 mg/dL

1 I
GkJcose .70 w X?OOmg/dL
Gkwose <70 or WOO m@dL
SGPT (>76 IUL)
Gbcose (<70 w *OO m#dL)
SGOT (>76 lU/L)
SGPT (>76 lU/L

1SGPT (>76 IW
Gbcose (<70 or XXX) mg/dL)
Laotic Oehydrogenase (@x) lU&)
Albumh (4.0 g/dL)
Lymphoqtes(<1.Ox10’lpg)
Lym@woytas(<1.Oxl&/pg)
Lymphoqtes (<1.c&l&/pg)
SGOT(>76I!J/L}

16
12
16
16

7
14
2
8

14

1:
10
13

30.m
$3CJtYJPr l?]

(PT11
1(PT6

&2 .00
2.70
2.26
0.91
0.69

29.CO
1.34

3600
les.oo

2

6300
0.72

llloo(wq
Lympkqtes (<i.OrlC?~pg)
SGOT(>76U/L) 76.00

340.m
61&@2
61.00
66.00

0.67
27.00

120.00
126.00
206.00
244.00

7::0?
1.60

76.00

R:
223.00
36aoo
272.CO

79.00
2al .00
96.00

leaoo
207.00
16a@3

0.60

2.:0
0.18

Gluoos&(<70or’>200mg/dL)

36 Gluoose(<70or>200mg/dL) 103.00 14

Lymphoqtes (<1.oxldi g)
#flatelet &wnt <76 x 1 ipL)

SGOT (>76 IA

33
42
22

1.49
W.m
33.W

unknown
6

10
10;.0 (PT2)2

8
1: (IT 3)

SGPT (>76 lU/L) 27.00
1: (P-r3)

6
48 Fk&ssium (4.0 or >60 mEq/L)

SGOT (>76 W)
Phosphcxus,bOfg. (4?.0 or >60 r@dL)

EZK’1%

4.30
14.00
a 10

27.00
I&al
14.00
16.C81
16.00

unknown

39
20
76

4.6 (7) 8
14
72&q13T 3)

42.2.(; 3)SGPT (>76 lL@
SGOT (>76 lU/L)
SGPT(>76 ILUL)

4

:
34 7

2WO(PT 31)
AJkainePhos@atase (=60 lU&)
SGOT (>76 ItJ/t

!SGPT (>76 W/L

79 60.CQ
16.00
14.00

t 12.00
13.00
2.16
0.86

97.00
0.44

6

&120.00(
21.00 8)

;.27 (W 6)
. .

6
3
8
3

Gluoosb(<70 o; *OO mgAK)
SGPT (>76 IW)
Lymphocytes<1.oxl&lpg

[ 1Lympho es <1.r3@lpg
‘?Gke.se <70 or #N30 m@dL)

Lymphocytes(<1.C3rl&@gl

44
69

z
22
17
14

:
1;(F’T10)
3 WI- 1)67 — . .

“ Onk range givemintable+d wnpfete oriteriasee Attachment32&
bRelatweto atatt cf therapy(Day 1). NOTE W refersto the numberof days postther~, retatweto the I@ day of

siudy dmg admnislration.
● Subjed disoontrnueddue to aduerseevent, (See Table 2~
f Subjed ako had a seriousor potentiallyseriousadvase SV&It (SeaTable30).

—
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15. Medical Officer’s Conclusions from Study X90-071:

15.1. Clinical and Microbiologic Efficacy
1s.1.1. Protocol K90-071 was an active-controlled study comparing levofloxacin

to ceftriaxone/cefuroxime in the treatment of community-acpired
pneumonia. .-

15.1.2. Protocol K90-071 has significant flaws in the protocol design including:
15.1.2.1. The protocol was a coa@etoly unblinded study. This is

particularly significant in light of the fact that all of the
endpoints are clinical and, thus, subjective and subject to bias by
both (1) observer/expectation bias from the investigator and (2)
reporting/recall bias in the patient reporting the symptomsa.

15.1.2.2. The window for clinical evaluation at the Xnd-of-therapy wan
inappropriate. In this protocol, the window for EOT evaluation was
changed to span from Post-therapy day 1-10. This is not in keeping
with either (1) the IDSA guidelines, which recommend follow-up on
posttherapy day 5-7 or (2) DAIDP consultants, which recommend that
follow-up evaluations for this indication be conducted no earlier
than day 7 posttherapy.

15.1.2.3. Post-study clinical evaluation was conducted at 21-28 days post-
therapy and was within an appropriate time frame for late follow-up,
but was not conducted on all patients. Patients without clinical
symptoms at the posttherapy evaluation and without X-ray evidence of
pneumonia at the posttherapy evaluation were not brought back for
late follow-up.

15.1.3. Protocol X90-071 has significant flawm in the protocol implementation
including:
15.1.3.1. omission of culture of persistent pulmonary secretions at the

follow-up visits (both EOT and EOS), with overuse of the designation
of ‘presumed eradication” in cases where documentation of
microbiologic outcome was possible.

15.1.3.2. Changes in drug dosage and duration were made during the course -
of the study

15.1.3.3. .Additional antimicrobial coverage for atypical pneu~~ias

(doxycycline) was added to the cephalosporin-treatment a~ during
the course of the study.

15.1.3.4. Changes in the days of the post-therapy follow-up evaluation
were made during the course of the study

15.1.4. Clinical Outcome

In protocol X90-071, the clinical cure rate in FDA evaluable patients with
a diagnosis of community-acquired pneumonia was 62% (129/207) for
levofloxacin-treated patients and 46% (105/226) for cephalosporin-treated
patients. ‘-The 95% confidence interval around the difference in clinical

cure rates was ZZS,ZOT(-25J-7)4G\,GZ.,indicating at minimum statistical
equivalence of the two treatments arms, if not outright superiority of
levofloxacin.

—

-.
~Sackett DL. Bias in Clinical Research. J Chronic u

. .
32:51-63, 1979.
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In protocol K90-071, the clinical success (cured or improved) rate in FDA
evaluable patients with a diagnosis of community-acquired pneumonia was
95% (197/207) for levofloxacin-treated patients and 83% (19*26) for
cephalosporin-treated patients. The 95% confidence interval around the
difference in clinical success rates was ~ag,z0,(-18.6,-6.21sI\,95~,
indicating, at minimum, statistical equivalence of the two treatments
arms, if not outright superiority of levofloxacin.

In protocol K90-071, the ~e=all success rate (clinically cured or
i.qroved plus microbiologically eradicated) in FDA evaluable patients with
a diagnosis of community-acquired pneumonia was 96% (113/118) for
levofloxacin-treated patients and 80% (122/152) for cephalosporin-treated
patients. The 95% confidence interval around the difference in clinical

success rates was ,5,,11,(-23.5, ‘7.4) ao\,96\ , indicating superiority of
levofloxacin treatment in this indication.

15.1.5. Microbiologic Outcome

15.1.5.1. Bacterial Pathogens

15.1.5.1.1. Haemophdlus influenza

The total number of microbiologically evaluable isolates of Haemophilus

influenza patients was 51: 27 in levofloxacin-treated patients and 24 in

ceftriaxone/cefuroxime-treated patients. The clinical cure rate for
patients with Haemophilus influenza in levofloxacin-treated patients was

81% (22/27) and in ceftriaxone/cefuroxime-treated patients was 42%
(10/24). The clinical success rate for patients with Haemophilus

influenza in levofloxacin-treated patients was 100% (27/27) and in
ceftriaxone/cefuroxime-treated patients was 66% (15/24). The eradication
rate of Haemophilus influenza in Ievofloxacin-treated patients was 100%

(27/27) and in ceftriaxone/cefurOxime-treated patients was 70% (14/20).
In addition, the confidence intervals for the difference in eradication
rates between levofloxacin and ceftriaxone/cefuroxime-treated patients was
(-54.4 to -5.6), indicating at the statistical superiority of -
levofloxacin. Thus , the total number of isolates is adequate, and the
absolute and relative eradication rates all support the inclusion of this
organism in the labeling.

15.1.5.1.2. Baemophilus pazaiaflueazae

The total number of microbiologically evalueble isolates of Haemophilus

pardnfltIe12Zae patient$ was 28: 9 in levofloxacin-treated patients and 19
in ceftriaxone/cefuroxime-treated patients. The clinical cure rate for
patients with Haemophilus parainfluenzae in levofloxacin-treated patients
was 56% (5/9) and in ceftriaxone/cefuroxime-treated patients was 35%
(7/20). The clinical succeeai rate for patients with Haemophilus

parainfluenzae in levofloxacin-treated patients was 100% (9/9) and in
ceftriaxone/cefuroxime-treated patients was 65% (13/20). The eradication
rate of Haemophilus parainfluenzae in levofloxacin-treated patients was
100% (9/9) end in ceftriaxone/cefuroxime-treated patients was-63% (12/19).
Thus, the total number of isolates is borderline for levofloxacin, and the
absolute–-and relative eradication rates support the inclusion of this
organism in the labeling.
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15.1 .5.1.3. Streptococcus pneumonia

The total number of microkdologically evaluable isolates of Streptococcus

pneumonia patients was 77: 35 in levofloxacin-treated patient~d 42 in
ceftriaxone/cefuroxime-treated patients. The clinical cure rate for
patients with Streptococcus pneumonia in levofloxacin-treated patients
was 79% (30/38) and in ceftriaxone/cefuroxime-treated patienwwas 65%
(28/43). The clinical success rate for patients with Streptococcus

pneumonia in levofloxacin-treated patients was 97% (37/38) and in

ceftriaxone/cefuroxime-treated patients was 88% (38/43) . The eradication

rate of Streptococcus pneumonia in levofloxacin-treated patients was 97%

(34/35) and in ceftriaxone/cefuroxime-treated patients was 90% (38/42).
In addition, the confidence intervals for the difference in eradication
rates between levofloxacin and ceftrisxone/cefuroxime-treated patients was
(-19.7, 6.4), indicating statistical equivalence of the two reatment arms.
Thus , the total number of isolates is adequate, and the absolute and
relative eradication rates all support the inclusion of this organism in
the labeling. However, the issues surrounding the resistance of this
organism to the quinolone antibiotics need to be considered, since the use
of this antibiotic in general medical practice for the treatment of
comminity-acquired pneumonia will, in many cases, be empiric.

15.1.5.1.4. XlebsdeHa pneumonia

The total number of microbiologically evaluable isolates of Klebsiella

pneumonia was 8: 1 in levofloxacin-treated patients and 7 in

ceftriaxone/cefuroxime-treated patients. Thus , the total number of
isolates is inadequate to support the inclusion of this organism in the

labeling. See recommendations section.

15.1.5.1.5. Moraxella eatarrhalis

The total number of microbiologically evaluable isolates of Moraxella

catarrhalis was 13: 7 in levofloxacin-treated patients and 6 in

ceftriaxone/cefuroxime-treated patients. The clinical cure rate for -
patients with Moraxella catarrhalis in levofloxacin-treated patients was
57% (4/7) and in ceftriaxone/cefuroxime-treated patients was 67% (4/6).
The clinical success rate for patients with MoraxelZa catarrhalis in
levofloxacin-treated patients was 86% (6/7) and in ceftriaxone/cefuroxime-
treated patients was 83% (5/6). The eradication rate of Moraxella
catarrhalis in levofloxacin-treated patients was 86% (6/7) and in
ceftriaxone/cefuroxime-treated patients was 83% (5/6). Thus, the total
number of isolates is inadequate, although the absolute and relative
eradication rates in would support the inclusion of this organism in the
labeling.

15.1.5.1.6. S-&aphylococcus aureus --

The total number of microbiologically evalueble isolates of Staphylococcus

aureus was 14: 7 in levofloxacin-treated patients and 7 in
ceftriaxone/cefuroxime-treated patients. The clinical cure rate for
patients with Staphylococcus aureus in levofloxacin-treated patients was
100% (7/7) and in ceftriaxone/cefuroxime-treated patients was 86% (6/7).
The clinical success rate for patients with Staphylococcus aureus in
levofloxacin-treated patients was 100% (7/7) and in
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ceftriaxone/cef uroxime-treated patients was 100% (7/7). The eradication
rate of Staphylococcus aureus in levofloxacin-treated patients was 100%

(7/7) and in ceftriaxone/cefuroxime-treated patients was 100% (~. Thus,
the total ’number of isolates is inadequate, although the absolute and
relative eradication rates in would support the inclusion of this organism
in the labeling. .-

15.1.5.2. Atypical Pathogens

15.1.5.2.1. Legionella pneumophilia
The total number of microbiologically evaluable casea of Legionella

pneumophilia patients was 5: 3 in levofloxacin-treated patients and 2 in
ceftriaxone/cefuroxime-treated patients. Although the Medical officer’s
Evaluability Criteria, Section 11.2.2, allowed for both culture and
serologic methods in the diagnosis of Legionella pneumophilia infection,

the microbiologically evaluable patient cohort was composed entirely of

cases diagnosed by serologic methods. There were no cases defined by

isolation of the organism from culture of respiratory secretions. The
clinical cure rate for patients with Legionella pnemophilia in

levofloxacin-treated patients was 100% (3/3) and in
ceftriaxone/cefuroxime-treated patients was 0%. The clinical success rate
for patients with Legionella pneumophilia in levofloxacin-treated patients
was 100% (3/3) and in ceftriaxone/cefuroxime-treated patients was O%. The
eradication rate of Legionella pneumophilia in levofloxacin-treated
patients was 100% (3/3) and in ceftriaxone/cefuroxime-treated patients was
o%. Thus , the total number of isolates is inadequate, although the
absolute and relative eradication rates would support the inclusion of
this organism in the labeling.

15.1.5.2.2. Chlzuqniia pneumonia

The total number of microbiologically evaluable patients with Chlamydia

pneumonia was 147: 58 in levofloxacin-treated patients and 90 in
ceftriaxone/cefuroxime-treated patients. Although the Medical Officer’s -
Evaluability Criteria, Section 11.2.2, allowed for both culture and
serologic methods in the diagnosis of Chkmydia pneumonia infection, the
microbiolog.ically evaluable patient cohort was composed entirely of cases
diagnosed by serologic methods. There were no cases defined by isolation
of the organism from culture of respiratory secretions. The clinical cure
rate for patients with Chhmydia pneumonia in levofloxacin-treated
patients was 61% (36/59) and in ceftriaxone/cefuroxime-treated patients
was 48% (44/91). The clinical success rate for patients with Cl&unydia

pneumonia in levofloxacin-treated patients was 97% (57/59) and in
ceftriaxone/cefuroxime-treated patients was 86% (78/91). The eradication
rate of Chlamydia pneumonia in levofloxacin-treated patients was 97%

(56/58) and in ceftriaxone/cefurotime-treated patients was 87% (78/90).
The 95% confidence internal for the difference in eradication rates
between levofloxacin and ceftriaxone/cefuroxime-treated patients was (-18,
-2), indicating statistical superiority of levofloxacin. Thus, the total
number of isolates is adequate, and the absolute and relative eradication
rates would support the inclusion of this organism in the labeling.
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15.1.5.2.3. Mycoplasma pneumordae

The total number of Xnicrobiologically ovaluabla cases of Mycoplasma

pneumonia was 41: 20 in levofloxacin-treated patients d 21 in
ceftriaxone/cefuroxime-treated patients. Although the Medical Officer’s
Evaluability Criteria, Section 11.2.2, allowed for both culture and
serologic methods in the diagnosis of Mycoplasma pneumonia infeckion, the
microbiologically evaluable patient cohort was composed entirely of cases
diagnosed by serologic methods. There were no cases defined by isolation
of the organism from culture of respiratory secretions. The clinical cure
rate for patients with Mycoplasma pneumonia in levofloxacin-treated
patients was 57% (12/21) and in ceftriaxone/cefuroxime-treated patients
was 60% (12/20). The clinical success rate for patients with Mycoplasma

pneumonia in levofloxacin-treated patients was 954 (20/21) and in
ceftrisxone/cefuroxime-treated patients was 95% (19/20). The eradication
rate of Mycoplasma pneumonia in levofloxacin-treated patients was 95%

(20/21) and in ceftriaxone/cefuroxime-treated patients was 95% (19/20).
Thus , the total number of isolates is adequate, and the absolute and
relative eradication rates would support the inclusion of this organism in
the labeling.

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- --

Recommendations:

Recommendations for the use of levofloxacin in the treatment of community-
acquired pneumonia based on the results of Protocol K90-071 are discussed in
conjunction with the results of Protocol M92-075 following Section 15,
“Conclusions”, of the Medical Officer’s Review of Protocol M92-075 and Section
16, “Combined Analysis of Protocols 90-071 and 92-075”, which follows the Medical
Officer’s Review of Protocol M92-075.

-.
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Medical Officer’s Review of NDA 20-634

Levaquin @ (levofloxacin) Tablets

Medical Officer’s Review of NDA 20-635

Levaquin o (levofloxacin) Injection .-

catioa : consnunity-Acquired Pneumonia due to ~ical and

Atypical Pathogens

Protocol: M92-075

Study Title: A multicenter, noncomparative,

safety and efficacy of oral levofloxacin (5OO
the treatment of community acquired pneumonia

—

open-label study to evaluate the

mg PO or IV QD for 7-14 days) in
in adults

Study dates: DATE STUDY INITIATED: September 30, 1993

DATE STUDY COMPLETED: July 20, 1994

1. Study Objective:

The objective of this study was to evaluate the safety and efficacy of
levofloxacin 500 mg administered intravenously or orally once daily for 7 to 14
days in the treatment of community-acquired pneumonia due to susceptible
organisms in adult inpatients and outpatients.

2. Protocol design:
This was a noncomparative multicenter study designed to evaluate the safety and
efficacy of levofloxacin in the treatment of community-acquired pneumonia. This
study was conducted in the United States. Approximately 245 subjects were to have
been enrolled to ensure microbiologically evaluable data from a minimum of 80 -
subjects.

2.1. Study Procedures:

2.1.1. Baseline Evaluation:
For subjects meeting the entry criteria, admission (baseline) evaluations
included a pertinent medical history, chest X-ray, and physical examination
(including chest examination and vital sign measurements); specimen of
respiratory secretions (expectorated or suctioned sputum, transtracheal
aspirates, bronchial brushings, washings, biopsies, or pleural fluid) for Gram
stain, culture, and susceptibility testing, as well as a direct fluorescent
antibody (DFA) &est for L. pneumophila -(optional) and a DNA probe test for
Legionella sp. (optional); blood samples for serology testing and cultures (at
least two separate specimens for hospitalized subjects only); a urinary antigen
test for L. pneumop~ila; samples for hematology, blood chemistry, an@ urinalysis;
and a pregnancy test for women of childbearing potential. Between Days 2 and 4
of study drug administration, subjects were to be examined for overall clinical --
progress. Subjects were allowed to remain in the study in the absence of recovery
of an admission pathogen, or if the pathogen(s) isolated at admission were
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resistant to the study drug, as long as in the opinion of the investigator, there

had been no deterioration in clinical status. l%to blood cultures were to be
obtained for subjects who were bacteremic at admission. Hematolog& blood
chemistry, and urinalysis laboratory evaluations were to be performed at this
time and every five days thereafter for hospitalized subjects.

2.1.2. Efficacy evaluations:
Efficacy evaluations included assessments of clinical signs and symptoms,
clinical response rates (assessed as cured, improved, failed, or unable to
evaluate at posttherapy and as cured, improved, relapse, or unable to evaluate
at poststudy) , and microbiologic eradication rates by pathogen (assessed as
eradicated, persisted, persisted with acquisition of resistance, or unknown) and
by infection (assessed as eradicated, persisted, or unknown). Clinical symptoms
were to be recorded as present or absent while on therapy (Days 2 to 4), at the
posttherapy (Posttherapy DSyS 5-7) visit, and by a poststudy follow-up telephone
contact or visit (Posttherapy Days 21-28) . Clinical signs of lower respiratory
tract infection obtained from a chest examination were to be graded as none,
mild, moderate, or severe, and clinical response was to be assessed by the
investigator posttherapy (Posttherapy Days 5-7) and poststudy (Posttherapy Days
21-28) for subjects who had a poststudy visit. A poststudy visit, which included
a chest examination and a chest X-ray, was required for subjects with a
significant persistent infiltrate on chest X-ray at the posttherapy evaluation
and subjects with persistent syntptoms or relapse at the poststudy telephone
contact. Safety evaluations included the incidence of treatment-emergent adverse
events; laboratory tests of hematology, blood chemistry, and urinalysis; and
physical examinations including vital sign measurements.

2.1.3. Protocol Amendments:
Protocol 92-075 was amended twice during the course of the study. The amendments
are discussed in detail under Sections 2.1.3.1 and 2.1.3.2, below. Fewer than
10% of the subjects were enrolled in the study before the first protocol
amendment was issued. Approximately half of the subjects were enrolled between .
November 2, 1993, and March 11, 1994, the date the second amendment was issued,
with the remaining subjects (approximately 40%) enrolled after both protocol
amendments had been issued.

2.1.3.1. Protocol Amendment #1 dated November 2, 1993:

The study protocol was amended on November 2, 1993, to clarify provisions

for enrollment of subjects who received prior antimicrobial therapy.

Fewer than 10% of the subjects were enrolled in the study before the first
protocol amendment was issued. In addition, procedures for the diagnosis
and evaluation of infections due to atypical pathogens (c. pneumonia, L.
pneumophila, and M. pneumonia) were specified; these included a urinary
antigen d@t@ction test for L. pneumophila, cultures for atypical pathogens
to have been performed by local laboratories, addition of repeat
serologies for atypical pathogens posttherapy, and DFA and DNA probe tests

(both optional) for L. pneumophila. Susceptibility data for C. pneumonia
were added, and MIC and inhibition zone criteria for susceptibility of H.

influenza were specified. The amendment also in~luded provisions for
twice-daily dosing of subjects based on severity of infection, and for
increasing the dosing interval for subjects with creatinine clearances of
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20 to 50

consistent
procedures

mL/minute. The amendment specified the clinical picture
with pneumonia. Several changes or clarifications of study
end the timing of procedures were also made:

(i) poststudy visit scheduled three to four weeks after completion of therapy;

(ii) admission blood cultures required for hospitalized subjects only~z
(iii)cultureand Gram stain of respiratorysecretionsto have been performed, if

possible, at the poettherapy evaluation;

(iv) poststudy chest X-ray not required for subjects evaluated solely for the
purpose of obtaining convalescent serologies.

2.1.3.2. Protocol Amendment #2 dated March 11, 1994:

The second amendment to the protocol on Xarch 11, 1994, included
clarification of provisions for enrollment of subjects failing previous
antimicrobial therapy and the exclusion criteria regarding subjects with
seizure disorders or unstable psychiatric conditions. Approximately half
of the subjects were enrolled between November 2, 1993, and March 11,
1994, the date the second amendment was issued, with the remaining
subjects (approximately 40%) enrolled after both protocol amendments had
been issued. This amendment also excluded from enrollment subjects with
pulmonary infections known to have been resistant to levofloxacin. In
addition, the definition of clinical response of “improved” was modified
to clarify that subjects who required additional nonstudy antimicrobial
(for the treatment of the initial pneumonia) could not have been
considered clinically improved; the definition of “unable to evaluate’twas
also clarified. The amendment specified that clinical failures could have
been considered evaluable if they had taken more than 48 hours of
levofloxacin therapy, that subjects with resistant pathogens could have
been included in the efficacy analyses, and that subjects who did not
complete a posttherapy evaluation between one and 10 days posttherapy were
not evaluable for efficacy.

3. Diagnostic criteria:
3.1. Clinical: The diagnosis was based on clinical signs and symptoms of

a low-errespiratory tract infection, including at least two of the
following: fever (oral temperature of 38°C/100.40F or greater or
rectal temperature of 39°C/102.2eF or greater) , cough, purulent
sputum (<10 epithelial cells and >25 WBC per low power field), chest
pain, shortness of breath, or evidence of pulmonary consolidation on
physical examination(rales on auscultation, dullness to percussion,

or egophony) .
3.2. Radiographic: A chest X-ray infiltrate compatible with acute

infection also was required.
3.3. Micro>.iologic: Culture of puru<lent sputum (c1O epithelial cells and

>25 WBC per low power field) .

4. Inclusion and exclusion criteria:

4.1. Inclusion criteria:

4.1.1. As per Original Prot=col dated July 21, 1993:
Subject must have been at least 18 years old with clinical signs and
symptoms of a lower respiratory tract infection and an initial chest X-ray
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compatible with acute pneumonia.

4.1.2. As per Protocol Amendment
Unchanged from original protocol

4.1.3. As per Protocol Amendment
Unchanged from original protocol

4.1.4. As per Study Summary:

#1 dated November 2, 1993: -

#2 dated March 11, 1994:

.-

1. Subject must have been at least 18 years old with clinical signs and
symptoms of a lower respiratory tract infection and an initial chest
X-ray compatible with acute pneumonia.

2. Subjects who received previous antimicrobial therapy could have been
enrolled if their therapy duration was 24 hours or less, or, if
previous therapy duration was greater than 24 hours, the subject did
not improve or stabilize on that therapy.

3. Women were required to have been postmenopausal for at least one year,
surgically sterile, or using an adequate form of birth control.
Women of childbearing potential were required to have had a normal
menstrual flow within one month before study entry and to have had
a negative pregnancy test immediately before study entry.

4.2. Exclusion criteria:

4.2.1. As per Original Protocol dated July 21, 1993:

1.

2.

3.
4.
5.
6.
7.

previous allergic or serious adverse reaction to any member of the
quinolone class of antimicrobial

diagnosis of cystic fibrosis, tuberculosis, or an infection due to
fungus , parasite, virus, mycobacteria, or other organism resistant
to levofloxacin

severe renal failure (creatinine clearance c20 mL/min)
presence of neutropenia
high probability of death during the course of study
history of seizure disorder or major psychiatric disorder

pregnant women or nursing mothers

4.2.2. As per Protocol Amendment #1 dated November 2, 1993:
Unchanged from original protocol

4.2.3. As per Protocol Amendment #2 dated March 11, 1994:
1. previous allergic or serious adverse reaction to any member of the

quinolone class of antimicrobial
2. diagnosis of cystic fibrosis, or an infection due to fungus, parasite,

virus, mycobacteria, or other organism resistant to levofloxacin
3. severe renal failure (creatinine clearance c20 mL/min)
4. presence of neutropenia
5. high probability of death during the course of study
6. presence of seizure disorder
7. unstabLa psychiatric conditioas-
8. pregnant women or nursing mothers

4.2.4. As per NDA Study Stmmary:

1. Subjects with a history of allergic or serious adverse- reaction to
levofloxacin, or any other member of the quinolone class of—
antimicrobial drugs, were excluded from the study.

2. Subjects were excluded if they required additional systemic antibiotic
therapy in combination with levofloxacin, unless they had developed
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bacterial pneumonia while receiving an antifungal or antiviral
agent.

3. Subjects with a diagnosis of cystic fibrosis or a pulmonaryinfection
that was acquired in a hospital or due to a fungus, parasite, virus,
mycobacteria, or other organism ~own to & resistant to
levofloxacin were not eligible for treatment under this pzotocol.

4. Subjects who used any investigational agent within 30 days before study
entry and those who received previous treatment under this protocol
also were excluded.

5. Subjects with a high probability of death during the course of the
study were not eligible for enrollment. Also excluded were subjects
with neutropenia, empyema, or human immunodeficiency virus (HIV)
infection and CD4 counts of less than 200.

6. Women who were pregnant or nursing
7. Subjects with severe renal failure (calculated creatinine clearance

less than 20 mL/min)
8. Subjects with seizure disorder
9. Subjects with unstable psychiatric conditions were not eligible for

treatment under this protocol.

5. Medications:

5.1. Dosage and Administration of Study Drug:

5.1.1. As per Original Protocol dated July 21, 1993:
The following regimens were to have been utilized:

Levofloxacin 500 mg IV QZ PO q24h.

- Intravenous levofloxacin waa to have been administered by alow infusion over one (1) hour.
Total therapy duration for levofloxacin was to have been 7 to 14 days.If, in the
opinionof theinvestigator,a subjectrequiresmorethan14 daysof therapy,thePRI
medicalmenitorshouldhavebeen contacted. Duration of levofloxacin IV therapy was
to have been a minimum of three daya. The subject may then receive levofloxacin 500
mg PO q24h for the remainder of therapy, if clinically indicated.

- For those subjecte who have pathogens isolated with an t41Cgreater than 1.0 mcg/mL but less
than or equal to 4.o mcg/mL (or zone size greater than or equal to 13 mm but less
than 18 mm for levofloxacin disks) and/or who are not clinically improving, the
dosage may have been increased to 500 mg q12h.

- Dosage of levofloxacin should have been adjuated for subjects with a calculated creatinine
clearance leas than or equal to 50 mL/min. These subjects should receive an initial
(loading) dose of 500 mg of levofloxacin. Subsequent dosing should have been adjusted
as follws: For subjects with ● creatinine clearance less than or equal to 50 mL/min,
the levofloxacin dosage and dosing intewal were to have bean 500 mg every 48 hours

5.1.2. As per Protocol Amendment #1 dated November 2, 1993:
The following regimens were to have been utilized:

Levofloxacin 500 mg iv. ~ p.o. q24h

- Intravenous Ievofloxacin waa to have been administered by slow infusion over one (I) hour.
Total therapy duration for levofloxacin was to have been 7 to 14 days. If, in the
opinionof the investigator,a subjectrequiresmorethan14 daysof therapy,the
PRI medicalmonitor shouldhave been contacted.Durationof levofloxacin iv.
therapy was to have been a minimum of three daya. The subject may then receive
levofloxacin 500 mg p.o. q24h for the remainder of therapy, if clinically indicated.

- For subjects assigned to levofloxacin therapy who, at enrollment, have hypotenslon
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(diastolic blood pressure <60 snnIig)in the absence of volume depletion, altered
mental status, who require intuhation, mechanical ventilation, or ~ve a baseline
respiratory rate >28 per minute, the dosage SISyhave been increased to 500 sg i.v.
or P.O. q12h.

- Dossge of levoflmcin should have bean adjusted for subjects with a calculated creatinine
clearance lese than or equal to 50 mL/mln. These subjects should receive an initial
(loading) dose of 500 mg of levofloxacin. Subsequent dosing should have been adjusted
as follows: For subjacts wltb ● creatinine clearance less than or equal t&50 mL/min,
the levofloxacin dosage and dosing interval were to have bean 500 mg every 48 hours.
Subjects with a creatinine clesrance of 20-50 WJain and who were recmiving
levofloxacin every 12 hours should have had their dosing interval ●djuetsd to 24
hours.

5.1.3. As per Protocol Amendment #2 dated March 11, 1994:

Levofloxacin dosage and administration were unchanged from those
by Protocol Amendment #1 dated November 2, 1993.

5.1.4. As per study report from NDA submission:

specified

Inpatient or outpatient subjects were assigned to receive 500 mg of
levofloxacin intravenously or orally once daily for 7 to 14 days. Subjects
assigned to intravenous levofloxacin treatment were administered the
intravenous formulation for a minimum of three days, with oral
levofloxacin administered for the remainder of the treatment period.
Levofloxacin dosage was to have been reduced for subjects with creatinine
clearances of 20 to 50 mL/min. Investigators were given the option of
increasing the levofloxacin dosage to 500 mg twice daily for subjects with
severe community-acquired pneumonia, defined as those with hypotension in
the absence of volume depletion, subjects with altered mental status,
subjects with baseline respiration rates greater than 28 breaths per
minute, or subjects who required incubation or mechanical ventilation.
Levofloxacin regimens of 500 mg q24h were administered either
intravenously (iv.) or orally (p.o.). Subjects administered the oral
dosage regimen received one 500-mg levofloxacin tablet once daily.
Subjects who received the iv. dosage regimen were administered a 100-mL
solution containing 500 mg of levofloxacin in D5W once daily as a one-hour -
iv. infusion.

The duration of levofloxacin therapy was seven to 14 days, as clinically
indicated. If, in the opinion of the investigator, a subject required a
longer duration of therapy, the subject could have been continued on the
same levofloxacin dosage regimen without any break in dosing. The
investigator was to contact RWJPRI for approval to extend therapy in these
cases. The minimum duration of iv. levofloxacin therapy specified by the
protocol was three days. Subjects could receive levofloxacin 500 mg p.o.
q24h for the remainder of therapy, if clinically indicated. Levofloxacin
dosage could have been increased, at the discretion of the investigator,
to 500 mg ~:v. or p.o. q12h for subj~cts with hypotension (diastolic blood
pressure c60 mm Hg) in the absence of volume depletion; subjects with
altered mental status; and subjects who required incubation, mechanical
ventilation or who had a baseline respiratory rate >28 breaths per minute.
Levofloxacin dosage was to have been reduced for subjects with calculated
creatinine clearance values of 20 to 50 mL/min. These subjects were to
receive an initial (loading) dose of 500 mg of Ievofloxacin followed by
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levofloxacin 500 mg iv. or p.o. q48h. Subjects who had creatinine
clearances of 20 to 50 mL/min and who were receiving levofloxacin s00 mg
q12h were to have their dosage intenal adjusted to q24h. _

5.2. Concomitant use of medications and other antimicrobial agents:
The use of other medications during the study was to have been kept to a-minimum.
Administration of nonstudy systemic antimicrobial was to be prohibited and
aluminum-magnesium based antacids (e.g., Maalox ● ) and mineral supplements or
vitamins with iron or minerals were to be strongly discouraged because these
agents may decrease the bioavailability of levofloxacin. However, if
administration of an antacid was necessary, it was to have been administered at
least two hours before or after levofloxacin administration. If the
administration of any other medication was required, it was to be reported on the
subject’s CRF.

6. Efficacy Criteria per Sponsor:
Efficacy evaluations included evaluations of clinical signs and symptoms,

clinical response ratings (assessed as cured, improved, failed, or unable to
evaluate at posttherapy and as cured, improved, relapse, or unable to evaluate
at poststudy) , and microbiologic eradication rates by pathogen with acquisition
of resistance, or unknown) and by infection (assessed as eradicated, persisted,
or unknown) . Microbiologic response posttherapy in the group of subjects
evaluable for microbiologic efficacy represented the primary efficacy variable
in this study. Clinical response in the groups of subjects evaluable for clinical
and microbiologic efficacy was a secondary efficacy variable. Safety evaluations
included the incidence of treatment-emergent adverse events; laboratory tests of

hematology, blood chemistry, and urinalysis; and physical examinations including
vital signs.

7. Schedule and procedures for Efficacy and Safety Evaluations

7.1. Clinical-Efficacy Evaluation:

7.1.1. Clinical Signs and Symptoms

Clinical symptoms of a lower respiratory tract infection, including
chills, cough, purulent sputum, pleuritic chest pain, or shortness of
breath, were to be indicated by the investigator as present or absent at
admission, during therapy (Days 2-4), at the posttherapy (Posttherapy mys
5-7) visit, and during the poststudy follow-up (Posttherapy Days 21-28)
telephone contact or visit. Clinical signs of acute lower respiratory

tract infection obtained from a chest examination (diminished breath
sounds, rales, egophony, rhonchi, or wheezes) were to be assessed during

therapy (Days 2-4) and graded by the investigator at the posttherapy visit

(Posttherapy Days 5-7) as none, mild, moderate, or severe. In addition,
the investigator was to examine the~hest X-ray for presence or absence of
acute infiltrates or other pulmonary abnormalities (Posttherapy DSyS 5-7) .
For subjects with a significant persistent infiltrate or persistent
symptoms at the posttherapy evaluation or possible relapse at the follow-
up telephone contact, the chest examination and chest X-ray were to be
repeated at a poststudy visit (Posttherapy Days 21-28) .
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7.1.2. Clinical Response Rating

7.1.2.1. Clinical Response Rating at the posttherapy vi.s~

At the posttherapy visit, five to seven days after the end of therapy or
at the time of early withdrawal, the investigator was to assess clinical
response as cured, improved, failure, or unable to eval”Gte. The
definitions for these assessments were as follows:

clinical cur,: Resolution of signs and symptoms associated with active

infection and improvement in or resolution of chest X-ray findings.
Clinically I.sprwod: Incomplete resolution of signB, symptoms, end chest X-

ray findings end no additional antimicrobial therapy required.
Subjects who were lost to follow-up but who had ‘clinical improvemantn
listed as the reason for a change In levofloxecin dosage or route of
administration were assigned posttherapy clinical response ratings of
Clinically Improved.

Clinical Failure: No response to therapy.
Unable to evaluate: Unable to evaluate bacauae subject lost to follow-up.

7.1.2.2. Clinical Response Rating at the poststudy visit:

At the poststudy visit (Posttherapy Days 21-28), which was required for
subjects with a significant persistent infiltrate on chest X-ray at the
posttherapy evaluation and subjects with persistent symptoms or relapse at
the poststudy telephone contact, the investigator was to assess clinical
response as cured, improved, relapse, or unable to evaluate by comparing

poststudy and posttherapy symptoms, signs from chest examination, and
chest X-ray findings (if performed) . The definitions for these assessments
were as follows:

Clinical Cure: Resolution of signs and symptoms associated with active
infection end improvement in or resolution of chest X-ray findings.

Clinically Improved: Continued incomplete resolution of signs end symptoms
with no deterioration or relapse since the posttherapy evaluation end
no additional antimicrobial therapy required.

Clinical Relapse: Resolution or improvement of signs and symptoms at the
posttherapy evaluation (Posttherapy Clinical Response of Cure or
Improved) followed by reappearance or worsening of signs and symptcma

“of infection.
Unable to Svaluate: Not able to evaluate because subject lost to follow-up

end did not return for poststudy evaluation.

—

-.
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7.2. Microbiologic Efficacy Evaluation: -.

7.2.1. Specimen Collection

7.2.1.1. Respiratory Secretions
Specimens were to be obtained from respiratory secretions, including deep
expectorated or suctioned sputum, transtracheal aspirates, pleura fluid,

bronchial brushings, biopsies, or washings. At admission (within 48 hours
before therapy start), respiratory secretions were to be collected for
routine culture, Gram stain, and susceptibility tests. Specimens also
were to have been cultured for M. pneumonia, L. pneumophila, and C.
pneumonia, if the local laboratory had the capability to perform these
cultures. A direct fluorescent antibody test (DFA) of sputum or
bronchoalveolar lavage fluid for L. pneumophila and a DNA probe test for
detection of infection caused by Legionella sp. also were to have been
performed, if the hospital microbiology laboratory was capable of
performing these tests. Additional specimens were to be obtained at the
posttherapy visit (five to seven days after the end of therapy) and, if
indicated, at the poststudy visit for culture and Gram stain.

7.2.1.2. Blood Culture

At least two separate specimens for blood cultures were to be obtained
from each hospitalized subject within 48 hours before therapy was started.
Cultures were to be repeated during therapy (Days 2-4) and at the
posttherapy visit (Posttherapy Days 5-7), if at least one of the admission
blood cultures was positive.

7.2.1.3. Serology

7.2.1.3.1. Blood Samples for Serology

Blood samples were to be obtained from each subject at admission
(within 48 hours before therapy start) for serologic studies of C.
pnetioniae, M. pneumonia, and L. pneumophila. These evaluations .

were to be repeated at the posttherapy (Posttherapy Days 5-7) and
poststudy (Posttherapy Days 21-28) visits.

7.2.1.3.1. Urine Antigen Testing

Urine specimens were to be obtained at admission (within 48 hours
before therapy start). A urinary antigen detection test for L.
pneumophila was to be performed for all subjects.

7.2.1.4. Susceptibility Testing:

Susceptibility to levofloxacin was to be determined for all aerobic
pathogens, excluding M. pneumonia, L. pneumophila, and C. pneumonia. The
MIC susceptibility was the primary susceptibility criterion. If the MIC
values were not available, discs W&e used to determine susceptibility.
Disc susceptibility testing was to be performed for all aerobic pathogens,
excluding M. pneumonia, L. pneumophila, and C. pneumonia, in accordance

with the National Committee for Clinical Laboratory Standards (NCCLS)
methods using 5-pg levofloxacin discs provided by RWJPRI.—-
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7.2.1.5. Diagnosis of Infection Due to Atypical Pathogens

Diagnosis of infection due to M. pneumonia, L. pneumophil.+ or C.

pneumonia was to be made on the basis of the clinical, radiologic,
serologic, and other diagnostic criteria, as described in the following
case definitions: .-

7.2.1.5.1. Legionella case definition:
Clinical and radiologic evidence of pneumonia in association with
one or more of the following: (i) a single IGM ELISA titer 21:256 or
a fourfold increase or decrease in titer from admission to

poststudy; (ii) a single IGG ELISA titer 21:256 or a fourfold
increase or decrease in titer from admission to poststudy; (iii) a
positive DFA on sputum, bronchial lavage, or tracheal aspirate; (iv)
a positive culture for L. pneumophila from respiratory secretions;
or (v) a positive urine antigen test.

7.2.1.5.2. Chlaxqdia pneumomiae case definition:

Respiratory signs and symptoms compatible with c. pneumonia

infection in association with one or more of the following: (i) a
single microimmunofluorescence IgM titer >1:32 or a fourfold
increase or decrease in titer from admission to poststudy; (ii) a
single microimmunofluorescence IGG titer >1:512; (iii) a positive
admission sputum or nasopharyngeal culture; or (iv) a positive
culture from pleural fluid or other pertinent respiratory tissue or
fluid.

7.2.1.5.3. Mycoplasma case definition:

Clinical and radiologic evidence of pneumonia in association with
one or more of the following: (I) a single IgM ELISA titer >1:16 or
a f-our-fold increase or decrease in titer from admission to

poststudy; (ii) a single IgG ELISA titer 21:128 or a fourfold
increase or decrease in titer from admission to poststudy; or (iii)
a positive culture from sputum or other respiratory fluid or
material.

The criteria described above for diagnosis of C. pneumonia and Mycoplasma

infections using a single IgG titer have been modified from those
specified in the protocol. The protocol stated that a single IgG titer
>1:64 or a fourfold increase or decrease in the IGG titer from admission
to poststudy were diagnostic for C. pneumonia; the modified criterion

described above in the case definition was used for diagnosis of C.

pneumonia infections using a single IgG titer. For MycopZasma, the

protocol c~ntained an error indicatfig that a single IgG ELISA titer >1:28

(rather than the correct titer of >1:128) was diagnostic for infection.

—.
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7.3. Efficacy Criteria

7.3.1. Efficacy Criteria for Microbiologic Response
The primary efficacy variable was microbiologic response. Microbiologic
response at posttherapy and poststudy was evaluated by RWJPRI in terms of
pathogen and infection eradication rates. Microbiologic response also was
to be assessed for blood pathogens (bacteremia) and for--atypical
pathogens, including M. pneumonia, L. pneumophila, and C. pneumonia. A
culture or nonculture evaluation was to be considered valid if the subject
was not receiving any effective concomitant antimicrobial agent. In
addition, valid posttherapy cultures were required to have been obtained
at least one day posttherapy.

7.3.1.1 Microbiologic Response: Sputum Culture

The microbiologic response for path~ens isolated at admission was
determined by evaluating the posttherapy and poststudy culture results.
Results were categorized as follows:

--

Eradicated: Eradication of the admission pathogen as evidenced by no
isolation of the pathogen in the posttherapy/early termination or
poststudy culture. If clinical improvement occurs such that no sputum
was produced end invasive procedures for culture were contraindicated,
then the pathogen was presumed eradicated.

persisted: Persistence of the admission pathogen as evidenced by isolation of
the pathogen in the posttherapy/early termination or poststudy
culture. If a subject was discontinued due to clinical failure or
resistant pathogen, or Was considered a clinical failure upon
completion of therapy, or persistence of the admission pathogen was
not confirmed by valid culture results, the pathogen was presumed to
persist.

Persietmd with Acquisition of Resistance: Persistence of the admission
pathogen as evidenced by isolation of the pathogen in the
posttherapy/early termination or poststudy culture with documented
acquisition of resistance.

Unlulm : No posttherapy/early termination or poststudy culture results
available due to lost-to-follow-up, lost culture, or culture not done
when specimen was available. If culture was performed on last day of
therapy and subject was not a clinical failure or culture done while
subject was receiving effective antimicrobial agent for reasons other

“ than clinical failure, the response was unknown.

The overall microbiologic response for the subject’s infection was based
on eradication of all the pathogens isolated at admission as follows:

Eradicated: Eradication of all admission pathogens.
Persisted: Persistence, presumed persistence, or persistence with acquisition

of resistance of at least one pathogen isolated at admission.
Unkuown: No culture results available or unknown culture results for at least

one admiesion pathogen isolated at admission with no pathogen
persisting.

7.3.1.2 Microbiologic Response: Blood Pathogens
The microbiologic response for blood pathogens was based on posttherapy
blood culture results of subjects with confirmed bacteremia at admission.
Bacteremia was defined as at least one positive blood culture obtained at
admission. Microbiologic response for each admission pathogen was
determined for subjects with posttherapy blood culture results as follows:
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Blood culture 91 Blood C!u2turo#2 Clinicsl Response IIicrobiologic
Rospollse

Negative Negative ~1** Eradicated

Negative unknown Cure/improved Eradicated

Negative unknown Failure Persisted
* 1

Positive Positive All Persisted

Positive Negative All Persisted

Positive I unknown I All l Persisted I[ I I I
● * ‘AU” includes clinical response of cured, improved and fail

7.3.1.3. Microbiologic Response: Atypical Pathogens
The microbiologic response for M. pneumonia, L. pneumophila, or C.

pneumonia was based on clinical response, and was determined as follows:

Clinical Response Microbiologic Rasponse

Cured/improved Eradicated

Failure Persisted

Unknown/unable to evaluate unknown

7.3.1.4. Superinfection
A superinfection was defined as a new infection, which was found at any
site during therapy, which was caused by a new pathogen (not recognized as
the original causative agent) , and which was documented by culture
results. A superinfection was to have been associated with clinical signs
and symptoms of infection and required antimicrobial therapy.

7.3.2. Efficacy criteria for Clinical Response:
Clinical response, a secondary efficacy variable, was to be assessed by
the investigator as cured, improved, failed, or unable to evaluate at the
posttherapy visit (Posttherapy Days 5-7) and as cured, improved, relapse,
or unable to evaluate at the poststudy contact or visit (Posttherapy Days
21-28) . The clinical cure rate was to be evaluated by determining the
percentage of subjects who were cured, and the clinical success rate was
based on the percentage of subjects who were cured or improved.

7.4. Safety Evaluations

7.4.1. Treatment-Emergent Adverse Events
Adverse esants were defined as treatment-emergent signs and symptoms,
i.e., events that were not present at baseline or events that represented
an increase in severity or frequency of a sign or symptom already present
at admission. Each subject was to be assessed at each visit during therapy
and at the posttherapy visit (Posttherapy Days S-7) for possible adverse
events that might have occurred throughout the study period. The
investigator was to record all treatment-emergent adverse events on the
CRFS and graded their severity as mild, moderate, or marked. The
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investigator also was to assess the relationship of the adverse event to
trial treatment using the following ratings: none, remote, possible,
probable, or definite. Other information to be recorded on the~ject’s

CRF included: the date of onset of the event, control measures taken
(i.e., dose reductions, discontinuation of study drug, or administration
of remedial therapy), the outcome (resolved, persisted, or ~~.) , and
the date of resolution of the event. Serious adverse events were defined
as those events that presented a significant threat to the well-being of
the subject. Serious adverse events included any event that was fatal,
life-threatening, permanently or significantly disabling, required

hospitalization or prolonged hospitalization, resulted in long-term
outpatient treatment (greater than six months), or was a congenital

anomaly, cancer, or overdose. Investigators were instructed to report all
serious adverse events immediately to RWJPRI. A 5 mL venous blood sample
for determination of levofloxacin plasma concentration was to be obtained
at the time of a serious adverse event. However, due to practical
limitations, these blood samples were not consistently obtained as
planned.

7.4.2. Clinical Laboratory Tests
The following standard clinical laboratory evaluations were to be
performed before dosing (admission) and at the posttherapy visit
(Posttherapy Days 5-7). Additional determinations were to be made for
hospitalized subjects during therapy (Days 2-4) and every five days
thereafter while hospitalized. Although not required by protocol,

additional determinations were to be made for some subjects at the
poststudy visit. A central laboratory (SciCor Inc., Indianapolis, IN) was
used. Local laboratories could be used for prothrombin time and partial
thromboplastin time determinations.

Hamstology : hemoglobin, hemstocrit, white blood cell (WSC) count and
differential, red blood cell (RSC) count, and platelet count.
Prothrombin time and partial thromboplastin time were obtained for
subjects receiving concurrent treatment with anticoagulants.

Blood .$3mm.istry:glucose, blood urea nitrogen (BUN), total bilirubin, total
protein, albumin, uric acid, alkaline phosphstase, se- glutamic
oxaloacetic transaminase (SGOT), serum glutamic pyruvic transaminase
(SGPT), lactic dehydrogenase (LDH), creatinine, calcium, sodium,
potassium, chloride, inorganic phosphorus, and bicarbonate.

Urinalysis: pH, specific gravity, and microscopic examination for red blood
cells, white blood cells, and nonamorphous crystals.

7.4.3. Physical Examinations and Vital Signs
Physical examinations, including vital sign measurements, were to be performed

at admission m_d again at the posttherapy visit or upon early withdrawal.
Additional physical examinations were to>e performed at a poststudy visit for
subjects with a significant persistent infiltrate at the posttherapy evaluation
and for subjects with persistent symptoms or relapse at the follow-up telephone
contact. my physical examination abnormalities were to be noted-on the CRFS.
Vital sign measurements included oral temperature, respiration rate, pulse rate,
and blood pressure. Weight and height were to be obtained at admission only.
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8. Discontinuation from study:
Subjects could have been discontinued from the study due to adverse events, “
significant protocol violation, intercurrent illness, treatment fail=, or at
the request of the subject. At the time of premature withdrawal from the study,
posttherapy evaluations, including physical examination and vital signs, culture,
Gram stain, and susceptibility testing of respiratory secretions and/-orblood
specimens if indicated, chest X-ray, and clinical laboratory tests, were to have
been performed. The investigator was to record the reason for premature
discontinuation on the subject’s CRF.

-.
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9. Evaluability Criteria:

9.1. Evaluability criteria as per Sponsor:

9.1.1. Evaluability criteria as outlined in Statistical—Methods

Section of Original Study Protocol:

9.1.1.1. Safety Evaluability Criteria as per Sponsor:.
To be evaluable for safety analysis, subjects must have taken at least one
dose of study medication and some postadmission safety information must
have been available.

9.1.1.2. Clinical Evaluability Criteria as per Sponsor:
To be evaluable for clinical efficacy, subjects must not have been
classified by any of the following:
a. Not evaluable for safety.
b. Clinical diagnosis unconfirmed:

- A subject must have been diagnosed as having community-acquired
pneumonia as described in the protocol.

c. Insufficient course of therapy.
- A subject did not take at least 5 days of therapy.
- If a subject was discontinued because he was judged a clinical

failure and had received at least 48 hours of therapy, he was
not considered unevaluable for this reason.

d. Effective concomitant therapy.
- A s~ject received an effective systemic antimicrobial between

time of admission culture through test-of-cure culture.
(Subjects who received previous antimicrobial therapy could
have been enrolled if the previous therapy duration was 24
hours or less or, if greater than 24 hours, the subject failed
to improve or stabilize on that therapy) .

- A subject who received an effective systemic antimicrobial because
. he was judged a clinical failure was not considered

unevaluable for this reason.
e. Posttherapy clinical evaluatic?n was not on days 1-10 posttherapy.

- If- a subject was discontinued due to a clinical failure or
considered a clinical failure upon the completion of therapy
and the test-of-cure evaluation was performed on the last day
of therapy, the subject was not considered unevaluable for
this reason.

f. Lost to follow-up but provided safety information (no posttherapy
evaluation) .

g. Other protocol violation.
i. A subject recentered the study.
ii.- subject did not take -at least 70% of assigned study drug.

Number of assigned doses was not captured on the case record
form; therefore, !!70%of assi~ed study drug” was calculated

by taking 70% of the number of days subject was en drug times
the number of doses/day as outlined in the protocol. .

The hierarchy given above (a-g) was used as a guide to assign a primary
reason for being unevaluable for clinical efficacy; final classification

.—. .————.
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rested with the RWJPRI medical monitor. If a subject had more than one

reason for being unevaluable, the higher reason was assigned.

9.1.1.3. Microbiologic Evaluability Criteria as per Sponsor:
A subject was to be evaluable for microbiologic efficacy if all criteria

for clinical efficacy were met and the subject was not classified by any

of the following:

a. Infection not bacteriologically proven.
b. Inappropriate bacteriologic cultures.

i. Admission culture was greater than 48 hours prior to start of

therapy or any time following initiation of therapy.

ii. Posttherapy microbiologic culture/evaluation was not on Days I-

10 posttherapy. If a subject was discontinued due to clinical

failure or considered a clinical failure upon the completion

of therapy and the posttherapy culture was obtained on the

last day of therapy, he was not considered unevaluable for

this reason.

iii. Adequate microbiologic data were unavailable. If a stiject was

di~continued due to a clinical
culture was not obtained, the
unevaluable for this reason.

The hierarchy that guided the assignment of
was:

a.
b.

c.

d.

e.

f.

9.
h.

Not evaluable for safety.

failure and the posttherapy
subject was not considered

microbiologic unevaluability

Infection not bacteriologically proven.

Clinical diagnosis unconfirmed.

Insufficient course of therapy.

Effective concomitant therapy.

Inappropriate bacteriologic culture.

Lost to follow-up but provided safety information.

Other protocol violation

For subjects who were determined by culture or nonculture methods to have
infection due to M.
hierarchy was:

a.
b.
.

:.
e.

pneumonia, L. pneumophila, or C. pneumonia, the

Not evaluable for safety
Insufficient course of therapy
Effective concomitant therapy
Lost to follow-up but provided safety information
Other protocol violation

If a subject fit into more than one of these categories, the highest
reason was to be reported as the primary reason. Final classification

regarding evaluability rested with the RWJPRI medical monitor.

9.1.2. As per NDA Study Summary:
Subject evaluability was categorized according to a specified hierarchy.

—

The first category of the hierarchy into which a subject was classified
was designated as the primary reason for nonevaluability.

.
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9.1.2.1. Clinical

To be evaluable for
classified in any of
order) :

Efficacy Criteria:
clinical ●fficacy, subjects were not to~ve been
the following categories(in decreasing hierarchical

not evaluable for safety (no postadmission data available ordid not
take at least one dose of study drug)

- unconfirmed clinical diagnosis on the basis of signs and symptoms and
radiographic findings

insufficient course of therapy (minimum of five days of levofloxacin
therapy) . The total planned duration of levofloxacin therapy was to
be seven to 14 days, but therapy could be extended at the discretion
of the investigator if indicated. A minimum of five days of
levofloxacin therapy was required for analyses of clinical and
microbiologic response; subjects who had failed clinically (in the
judgment of the investigator) and had taken more than 48 hours of
study drug were not classified as unevaluable due to insufficient
course of therapy.

- effective concomitant antimicrobial therapy
- posttherapy culture/evaluation not done during Posttherapy Day 1-10

intenal (window)
- lost to follow-up but provided safety information
- other protocol violation (e.g., subject reentered study or did not take

at least 70% of assigned study medication corresponding to reported
number of days on therapy) .

9.1.2.2. Microbiologic Efficacy Criteria:
To be evaluable for microbiologic efficacy, subjects with any admission
pathogen except M. pneumonia, L. pneumophila, or C. pneumonia were not
to have been classified in any of the following categories (in decreasing
hierarchical order):

- not evaluable for clinical efficacy
- absence of bacteriologically proven infection
inappropriate bacteriologic culture.

To be evaluable for microbiologic efficacy, subjects determined by culture
or nonculture methods to have infections due to M. pneumonia, L.

pneumophila, or C. pneumonia were not to have been classified in any of
the following categories (in hierarchical order) :

not evaluable for safety
insufficient course of therapy
effectiws--concomitant antimicrobitsl therapy
lost to follow-up but provided safety information
other significant protocol violation.

—

—

—
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9.2. Evaluability criteria as per Medical Officer:

9.2.1. Clinical Evaluability Criteria as per Medical Officer: “
1. The subject met the inclusion criteria .
2. The subject did NOT meet any of the exclusion criteria at the time of

enrollment
3. A posttherapy/end-of therapy/EOT clinical evaluationand an posttiudy/and-of

study/EOS clinical evaluation were performed. The exceptions were for
patients who were:

(1) declaredclinicalfailureson-therapy,at the posttherapyvisit, or in
the interval between the posttherapyand poststudy visits, but did
not have a poststudy follow-up, here the failure declared at the
earlier time point was carried fonuard

(2) declared clinical cures at the posttherapy evaluation (i.e., were
completely asymptomatic, and had a normal chest X-ray at EOT visit) ,
here the clinical cure was carried forward. This was specified by
the sponsor in the original study protocol, and, therefore, could not
be modified after the fact.

4. A symptomatic response could be evaluated at the poattherapy and (where
applicable) the poststudy time point.

5. With regard to establishing time point for follow-up after treatment of
community-acquired pneumonia, both (1) the natural history of the disease
and (2) the half-life of the antimicrobial agent under investigation need
to be taken into account. The windows for follow-up after an episode of
community-acquired pneumonia be the same for patients treated with any
antimicrobial agent with ● relatively short half-life. It is only in the
case of a prolonged half-life that the window for follow-up needs to be
extended because blood levels and tissue levels persist far beyond the last
dose of the antimicrobial drug. For levofloxacin, whose serum half-life is
6.34-6.39 hours in the clinical tablet, the window of follow-up can be the
same as for other antibiotics with relatively short half-lives.

5.1. The IDSA Guidelines recommend standard follow-up after an episode of
community-acquired pneumonia as follows:

Hospitalized patients should be assessed every day during the
course of therapy and within 5-7 days after the completion of
treatment

S.2. Recent regulatory precedent for the appropriate time point for test of
cure has been established in other reviews of antimicrobial agents with
short half-lives for the indication of community-acquired pneumonia, and
these confirm the need for late post-therapy follow-up to determine a stable
point-estimate for clinical cure at the test-of-cure evaluation.

The original protocol 90-070 specified that the clinical evaluation at the
posttherapy/EOT (5-7 days posttherapy) visit was to be the primary clinical
endpoint, but with an End-of-Study evaluation at 3-6 weeks post-therapy to provide
a late follow-up assessment and stable estimate for the test-of-cure. Protocol
Amendment #T-also specified that the clfhical evaluation at the posttherapy/EOT (5-
7 days posttherapy) visit was to be the primary clinical endpoint, but the late

-.

1 Beam TR, Gilbert, DN, Kunin CM. Guidelines for the ~aluation of Anti-infective Drug
Products. ~ 15(SUPP1 1):S85, 1992

2 Merepenam NDA Review. NDA 50706.
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follow-up at 3-6 weeks was deleted from the protocol under this. Tlmrofore,
acknowledging that tbe 5-7 day posttherapy vi#it ia muboptimal for ●mtabliahing-a
stable point ●intimateof the tent-of-cure,the medical officer had mo choice but

to use the only exiatiag endpoint for the follow-upclixkicalevaluationas the time
—

point for the primary clinical endpoint for the purpomea of this evaluation.

6. In regards to the uae of concomitant antibiotic therapy from thcf time of
enrollment through the and-of ●tudy visit, the following criteria were
applied:

(i) A patient wae fully clinicallyevaluable only if the patient did NOT
receive concomitant antibiotic therapy:

- Within 48 hours prior to enrollment in the protocol
- During the treatment period
- From the end of the treatment period to the poststudy
evaluation
- At the evaluation for clinical relapse

(ii) if the patient received an antimicrobial agent prior to
enrollment in the study, but there was a pathogenic organism
isolated on admission culture, the patient was considered
clinically evaluable
(iii) if the patient received an alternative antibiotic AND
there was clear documentation of an alternative diagnoaie for
which the other antibiotic was prescribed, the patient was
categorized as clinically unevaluable.
(iv) if the patient received an alternative antibiotic AND
there was no documentation of an alternative diagnosis for
which the alternative antibiotic may have been prescribed, the
patient was deemed clinically evaluable (only) as a treatment
failure.

7. Subjec-ts must have completed an adequate course of therapy of study -
drug, with “adequate course” defined as follows:

(I) for patients who were designated as a clinical cure at
EOT, a minimum of 6 days or 80% of the minimum dose specified
by the amended protocol
(ii) for patients designated a clinical failure, a minimum of
72 hours of study drug was to have bean taken

(iii) no more than 1 missed dose within the dosing interval
requiring extension of the dosing interval to complete the
full 7-14 doses of therapy, as specified by the amended
protocol.

8. SntOUtiC response “unable to evaluate” at either the EOT or the EOS
evaluation remained disqualified from the efficacy analysis. The
exception to this was a patient who was declared a clinical failure during
therapy or at the EOT visit: this failure was carried forward as
“evalu–~le” regardless of the EOS evaluation.

9. The patient had no known history of AIDS and was not HIV seropositive.

—
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9.2.2. Microbiologic evaluability criteria as per Medical Officer:
1. A subject met criteria for clinical evaluability at all time points

during the study
2. Pretherapy (admission) sputum culture was positive for a microorganism

known to be pathogenic in lower respiratory tract infections or
there was evidence of infection by an atypical pathogen (see
criteria for the diagnosis of atypical pathogens, below)

3. Any residual secretions present at the EOT visit were sent for
culture. The medical officer would not accept the category of
“presumed eradication” in cases in which there were persistent
secretions that were not cultured. The medical officer felt that it
was incumbent upon the sponsor and investigators to document
eradication when and where possible.

(i) Only in cases where there were no residual secretions

would the designation “clinical cure/presumed

eradication” be accepted.

(ii) If there residual purulent secretions that were not
cultured, the medical officer defaulted to “presumed

persistence” .

(iii) If there were residual nonpunalent secretions that were

not cultured, the medical officer defaulted to

“microbiologically unevaluable”.

(iv) In cases of clinical failure, a microbiologic assessment

of “presumed persistence” was universally applied.

4. In regards to the use of concomitant antibiotic therapy from the time
of enrollment through the end-of study visit, the following criteria
were applied:

(i), A patient was fully microbiologically evaluable only if
the patient did NOT receive concomitant antibiotic
therapy:

- For the 48 hour period prior to enrollment (see exception under
item (ii) below)

- During the treatment period
- From the end of the treatment period to the poststudy evaluation
- At the ●valuation for clinical relapae

(ii) if the patient received pretherapy antimicrobial
treatment with another antibiotic, the patient was
microbiologically evaluable if there was a pathogen
isolated on admission culture. If no pathogen was

—— isolated on admission- culture, the patient was both
clinically and microbiologically unevaluable.

(iii) if the patient received an alternative antibiotic AND
there was clear documentation of an alternative
diagnosis for which the other antibiotic was prescribed,
the patient was categorized as microbiologically
unevaluable.

(iv) if the patient received an alternative antibiotic AND



350

there was no documentation of an alternative diagnosia
for which the alternative antibiotic may have been .
prescribed, the patient was deemed microbiologic~ly
evaluable (only) as a persistent pathogen.

5. Subjects must have completed an adequate course of therapy o_feither
study drug, with ‘adeguate course” defined as follows: --

(1) for patients who were designated as a clinical cure at
EOT, a minimum of 6 days or 80% of the minimum dose
specified by the amended protocol

(ii) for patients designated a clinical failure, a minimum of
72 hours of study drug was to have been taken

(iii) no more than 1 missed dose within the dosing intewal
requiring extension of the dosing interval to complete the
full 7-14 doses of therapy, as specified by the amended
protocol.

6. SymptO~tic response “unable to evaluate” at either the EOT or the
evaluation remained disqualified from the efficacy analysis.

EOS
The

exception to this was a patient who was declared a clinlcal failure during
therapy or at the EOT visit: this failure was carried forward as
“evaluable” regardless of the EOS evaluation.

7. Diagnostic criteria for an atypical pathogens, defined as follows:
7.1. LEGIONELLA CASE DEFINITION
Clinical and radiologic evidence of pneumonia in association with
one or more of the following’:

A. A singleI@lELISA> 1:256or a fourfoldincreaseor decreaseat
posttherapy(5-6weekspoststudyadml.ssion)follow-up

B. A singleIGGELISA> 1:256or a fourfoldincrease or decrease at
post therapy (5-6 weeks post study admisaion) follow-up

C. A positive DFA (direct fluorescence antibody test) on sputum,
lavage or tracheal aspirate)

D. A positive culture at admission for Legionella pneumophilafrom
other respiratory fluid or material

E. Posftive urine antigen

7.2. CHLAMYDIA PNEUMONIA CASE DEFINITION

3-4 weeks

3-4 weeks

bronchial

sputum or

Respiratory signs and symptoms compatible with ChZamydia pneumonia,

in association with one or more of the following:

3 Cmtergard L, Anderson PL. Etiology of Community-acquired Pneumonia: Evaluation by
Transtracheal Aspiration, Blood Culture, or Serology. U 104:1400-07, 1993; ItufB, Schurmann
D, Horbach I. Prevalence and diagnosis of Legionella Pneumonia: A 3-year Projective Study with
Emphasis on ApplicaCJan of Urinary Antigen Detection ~ 1990:1341-48, 1990; Myburgh
J, Nagel GJ, Petschel E. Efficacy and tolerance of a three day course of azithromycin in the
treatment of community-acquired pneumonia. 31 SUPP1 E: 163-9, 1993; Ruf B,
Schurmann D. Prevalence and diagnosis of Legionella pneumonia: a 3-year proeeptive study with
emphasis on applicaiton of urinary antigen detection. ~ 162(6):1341-8,–1990.

4 Grayston JT, Campbell LA, Kuo CC, et.el. A New Respiratory Tract Pathogen: Chlamydia
pneumonia Strain TWA. 161:618-25, 1990; New and Emerging Etiologies for
Community-acquired Pneumonia with Implications for Therapy: A Prospective Multicenter Study of
359 cases. ~ 69(5):307-316, 1990; Ekman MR, Leinonen M. Evaluation of Serological Methods
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A. A single microiuanunofluoreacanceIGM titer 2 1:16
or decrease In the XGM titer at 3-4 weeks post
study admission) follow-up

or
B. A single microimmmo fluorescence IGG titer 2 1:512

or
C. A

or
D. A

or a fourfoldincrease
therapy(5-6weekspost -

or a fourfold increase. . ——- .
therapy(5-6weeks postox aecrease In tne mci t%ter at 3-4 wee- post ~

study admission) follow-up

positive admission sput~ or naaopharyngeal
pneuutoniae

positive culture from pleural fluid or other
tiesue or fluid -

7.3. MYCOPLASMA CASE DEFINITION
Clinical and radiologic evidence of pneumonia
one or more of the following:

A. A sh’mleIGMELISA> 1:16or a fourfoldincrease

. -.

culture for Cb2amydia

pertinent respiratory

in association with

or decrease at 3-4 weeks
~oat therapy (5-6 weeka post study admisaion) follow-up

B. A single IGG SLISA > 1:28 or a fourfold increase or decrease at 3-4 weeks
post therapy (5-6 weeks post etudy admission) follow-up

C. A positive culture at admiesion for lYYcoplasma pneumonia from sputum or
other respiratory fluid or material

10. Study Population:

Approximately 245 subjects, men and women who were 18 years of age or older and
who had community-acquired pneumonia, were to have been enrolled in this study
to ensure microbiologically evaluable data from 80 subjects.

in the Diagnosis of Cblamydiapneumonia Pneumonia during and Epidemic in Finland. l?urJ r~
12 (10): 756-60, 1993; Grayeton JT, A3dous MB. Evidence that Cb2amydia

pneumonia causes Pneumonia end
Et.al. A new Chlamydia psittaci
W 315(3):161-68, 1986.

-..
5 Fang GD, Fine M, et.al.

Bronchitis. ~ 168:1231-5, 1993; Grayston JT, Kou CC,
strain. TuAR, isolated in acute respriatory tract infections.

., New end Emerging Etiologies for Community-acquired Pneumonia
with Implications for Therapy: A Prospective MultiCenter Study Of 3S9 Cases. ~ 69(5):307-
16, 1990; Uldum 2A, Jensen JS, et.al., Enzyme Immunoassay for Detection of Immunoglobulin M (IgM)
and IgG Antibodies to Mymplasma pneumoniae.~ 30(5):1198-1204, 1992; Jacobs E,
Bennewitz A, et.al., Reaction pattern of human anti+ycoplasme pneumonia antibodies in enzyme-
linked immunosorbent assays end irmnunoblotting. ~ 23:517-522, 1986; Jacob’sE,
Fuchte K, et.al., A 168-kilodalton protein of Mycoplasma pneumonia antibodies in enzyme-linked
immunoabsorbant assay. EwJ~ctQU 5:435-40, 1986; van Griethuysen AJA, de
Graf R, et.al., Evaluation of a commercial enzyme immunoassay for detection of Mycoplasma
pneumonia specific immunoglobulin G antibodies. Eur J Clin Microbiol Infect Dis 9:221-223, 1990.
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11. Investigators
Protocol M92-075 was
sites, as delineated

LawrenceK. Alwine, D.O.

and study sites:
conducted
below .

H. Stephen Bjornson, M.D., Ph.D.a

Jacques R. Caldwell, U.D.a

John Carroll, M.D.
Martin S. Chattman, M.D.
Richard D. Clover, F1.D.a
Lawrence A. Cone, M.D.a
Lawrence J. Epstein, M.D.
Henry M. Faris, Jr., M.D.

Charles M. Fogarty, M.D.

Walter N. Gaman, M.D.
Cyril M. Grum, M.D.
Douglas Kernodle, M.D.
Myron Liebheber, M.D.

J. TYler Martin,M.D.b
Susan Mehnert-Kay,M.D.a
Dennis J. Mikolich, H.D.c

Miguel Mogyoros, M.D.

Avi Nahum, M.D.
Michael E. Nelson, M.D.
David Rodman, M.D.
Robert D. Rosen, M.D.
Jerome J. Schnapp, H.D.a
William B. Smith, M.D.a

James G. Sullivan, M.D.
Terry L. Swezey, M.D..

John 3. Upchurch, M.D.

by 27 investigators at a total of 33 separate

Downington Family Medicine, Downington, PA; USA
University of Cincinnati College of Medicine,

Cincinnati, OH; USA
.-

Gaineaville, FL; USA
Ocala. FL; USA
New Smyrna Beach, FL; USA
Halifax Clinical Research Center, Daytona Beach, FL; USA
Maricopa Medical Center, Phoenix, AZ; USA
Desert Foothills Medical Center, Scottsdale, AZ; USA
The University of Texas Medical Branch, Galveston, TK; USA
Eisenhower Medical Center, Rancho Mirage, CA; USA
Wilford Hall USAF Medical Center, Lackland AFB, TX; USA
St. Francis Hospital and Woodward Medical Center,

Greenville, SC; USA
Spartanburg Regional Medical Center and Mary Black

Memorial Hospital, Spartanburg, SC; USA
Iming, TX; USA
University of Michigan Medical Center, Ann Arbor, MI; USA
Nashville VA Medical Center, Nashville, TN; USA
Santa Barbara Medical Foundation Clinic,

Santa Barbara, CA; USA
Norfolk, NS; USA
IMTCI-0, Tulsa, OK; USA
VA Medical Center, Providence, RI; USA
Independent Research Nurses, Cranston, RI; USA
Kaiser Special Care, Saint Joseph Hospital, Saint Joseph

Research Department, and Uiser Permanence,
Denver, CO; USA

St. Paul-Ramsey Medical Center, St. Paul, MN; UsA
VA Medical Center, Kanaas City, MO; USA
University Hospital, Denver, CO; USA
Salem Research Group, Inc., Winston-Salem, NC; USA
Cuahner, Schnapp, and Barth, MD, Silver Spring, MD; USA
Louisiana Cardiwascular Research Center and Mercy

Hospital of New Orleans, New Orleans, LA; USA
ElmWood Medical Center, Jefferson, LA; USA
Birmingham, AL; USA
Vero Beach; FL; USA;
Indian River Memorial Hospital and CPR, Inc.,

Vero Beach, FL; USA
St. Vincent’s Family Medical Center, Birmingham, AL; USA

a Did not enroll any subjects in this study. b Did not receive drug. c The study was prematurely
terminated at this site for administrative reasons end data obtained-at this site-were ~ot to hav~
been used to support efficacy and were not to have been presented in the summary displays of safety
or efficacy included in this report. This investigator was not terminated due to either lack of
efficacy or serious adverse events.

—
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12. Efficacy as per sponsor:

12.1 Overview of Analysis Groups:

12.1.1. Demographics of Intent-to Treat Population: —
!rwohundred sixty-four subjects were enrolled in this study at 18 of the
27 centers. Eight investigators did not enroll any subjects. The intent-
to-treat group included all 264 subjects enrolled at the 18 cent&s. Data
for the five additional subjects enrolled by the other investigator [D.
Mikolich] are not included in data summaries presented in this report
because the study was prematurely terminated at this site for
administrative reasons. None of these five subjects reported serious
adverse events and none were withdrawn from the study because of adverse
events. This investigator was not terminated due to either lack of
efficacy or serious adverse events. The intent-to-treat group included 146
(55.3%) men and 118 (44.7%) women, and had a mean age of 51.9 i 17.8 years
(range, 18-93 years) and a mean weight of 172.3 k 44.4 pounds (range 82-
370 pounds). The majority of the subjects were Caucasian (83.0%), with
Black (15.2%), Hispanic (1.5%), and other racial groups (0.4%) accounting
for smaller proportions of the study population. One hundred fifty-six
(59.1%) subjects were enrolled as outpatients, and 108 (40.9%) as
inpatients. The majority of the subjects (82.6%) had infections that were
categorized as mild/moderate, with the remaining subjects (17.4%) having
severe infections. Potential subject rosters were maintained by the

investigators. These rosters were designed to record the severity of a
potential subject’s disease, the reason a potential subject was excluded

from the study, and subject number assigned if the subject was enrolled.
The most common reason for not entering a potential subject was prior or
concurrent antimicrobial therapy that was not permitted by the protocol.
Other reasons included concurrent illnesses or conditions specifically
prohibited by the protocol, residence in a supenised care facility (e.g.,
nursing home) , absence of required signs or symptoms of pneumonia or
inability-to produce sputum, and patient refusal.

—
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Table 12.1.1.
Demographic aad Baseline Characteristics:

Modified Intent-to-treat Cohort (Study M92-075) —

LeWoxedn @l=264)
No. %

N
MM
Range

W* #b)
N
MemKO
Range
Mtssng

SeVera
MildAhder#e

Stdue

lr@eti

146
118

219
40
4
1

77
79

2%
108

:ss~

!%:
(1.5)
(0.4)

(40.9)
(292)
(29.9)

264
51.9$17B

2s2-
172344.4
q

(17.4)
(62.6)

--

—



(. 355

12.1.2. Discontinuation/Completion information:
All 264 subjects enrolled in the study received levofloxacin treatment,
and, of the 256 subjects with kXIOWIl discontinuation/~pletion
information, 23 (9.0S) subjects discontinued therapy prematurely end 233

(91.0%) subjects completed therapy according to the regimen prescribed by
the investigator. Discontinuation/completion information is ho-did not
return for the final visit.

Figure 12.1.2.A
Discontinuation/Completion Iafoxmation:

Xodified Intent-to-treat Subjects (Study 2492-075)

[
264 SubjectsEnroled

I

I1
[

264stijectsracekedIawloxacin
I

I

I+23subjectsdisconthued

I+S subjects@h unknown
discotinuatioticunpletion
Information

I
I 233stijects con@etedtherapy

I

The most common reasons for discontinuation of treatment were an adverse
event or clinical failure.

Table 12.1.2.B
Reasons for Premature Diecontinuati.on:

Modified Intent-to-Treat Subjects (Study M92-075)

LOwt-
@=2e4)

Rsssm No. m)’
tiwm?Evut g ($5)
CEnicdFdlwe 8 (S.1)
Raststd Pathogen 1 (D.4)
Pwaond Reesm 1 (0.4)
other’ 4 (1.e)

Tdd Dbx#iti 23 @Kr)
Tddw&iDi~ru#hR%m@#kmhfwrndion 256(1DD.D)
TddwhUnkrww Dkorti*wkCun@dion Inbnndkm 8

●Pamx!rtegesuebssxl a$tddnwnber~h dsccdrudionhmpktion
Infmrndion.

‘ Slbjeci “redfradrnertwlhaddicmd artbiokeandwere
Wlhdewtanthe Wdyaterrecehtng Iewtoxadntradownt forttMeemf10
d~,~ediwdy. !hhje~do- tornfhedudyete m&wrKI
Iawtoxedntherqy forom?deybacmmthe Wastigdwddnot considarfhe
in&liorltobesevale&uJu@towredmfionklthez4sfy. Slqect

.~wSMmUI etereewrdsysofiewtoxedntradmeti beceuseof
psrsisIertwG-oxishg dienhae.

—
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2.1.3. Demographic and Baseline Characteristics of Clinically

and Microbiologically Evaluable Patients:
TWO hundred thirty-four (8S.6%) of 264 subjects were clinically valuable,
and 163 (61.7%) subjects were microbiologically evaluable. The main
reasons that subjects were not clinically evaluable (were inappropriate
clinical evaluation, insufficient course of therapy, and no po=ttherapy
evaluation, whereas the major reason that subjects were not
microbiologically evaluahle was absence of bacteriologically proven
infection.

Table 12.I.3.A
Number of Subjects by Analysis Group and Study Center

(Study M92-075)

Lavofbxach

lrrvestiaato~ lntsnt-tWTreat ClrnlcallvEvahable MicrobioloaicAlvEvaluable—-,—
AhVine 4
Canon 1: 9
Chatimsn 24
;:a:in if 10

9 9
FogaftY 68 60
Garnan 10 10
Grum 14 9
Kemodle 4
Liethaber 6 :
Mogyoros 4 4
Nahum 6 4
Nelson
Rodrnan 2; 1;
Roasn
Suilwan 4: 4?
Swazsy 4 4
Upchurch 5 4

(80.0)
(69.2)

(1OO.Q
(90.9)

(1OO.CJ
(68.2)
(100.0
(64.$

(1OO.QI
(1OO.I3
(100.0
(66.7)
(57.1)
(85.0)

(1OO.U)
(95.8)

(ioo.@
(80.0)

4 (80.0)
7 [53.8)
7 ~8.2j
7 (63.6)
7 (77.8)

5; ::::j

: (42.9)
(75.0)

3 (50.0)
4 (1oo.lJ
4 (66.7)
3 [42.9)

1: J50:g

38 (77.6)
: (50.0)

(20.0)

im.mTotal 264 m.. .-
Nutiers shownin parenthesesare percentagesfor that category
●Eightinvest@ators(Bjomaon,Caldweli,Clover,Cone, Martin,Mehne*Kay,

Schnapp,Smiih)dkt notenrollany subjects. Thestudywas prameturetyterrninetedat
one site (Mkolch) foradminatrativereasonsandthe data fromltis alteare nd included

163 (61.7)

Table 12.1.3.B
Primary Reasons for Clinical or Microbiologic Nonevaluability:

Sponsor’s Modified Intent-to-Treat Cohort (Study M92-075

Levoloxech
Re-ns lN=2e4\

CIhkelESisacy

inmmpieteCIWal Evehdm 12
lneuffidenfCourse oflherapy 9
NoPodhenpyEwhdbn 7
Cihkai DiegrroslsUncm5rmed 1
UnevaWMetxSefdy 1

TotdUnewknMeFor CidcdEfkacy 30 (11 .4%)

MisroMolo@eElfisesy
lnf8cifmNtXBecterbbgically Proven
lnepprwieteCihkal EvebJdion

79
11

lnsuffiintCourse ofTherepy 6
NoPoSthe~yEwbdbn 4
Uneveh&JetxSofe4y 1

—

TotelUneuW*le ForMkrobiolo@c EffmxY 101 (36.3%)

“Suhisctsonlycoufded mce.
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The demographic and baseline characteristics of the subjects included in
the clinically and microbiologically evaluable groups were comparable to
the previously described intent-to-treat group with respect to age, sex,
racial composition, and weight. The groups differed slightly in the
percentage of inpatient subjects, which was highest. in the
microbiologically evaluable group (44.2%), followed by the intent-to-treat
group (40.9%) and the clinically evaluable group (37.6%). The
microbiologically evaluable group also included a slightly higher
proportion of subjects with severe infections (22.1%) than the intent-to-
treat group (17.4%) and the clinically evaluable group (17.1%).

Table 12.1.3.c
Demographic and Baseline Characteristics:

Sponsor’s Clinically and Microbiologically Svaluable Subjects
(study M92-075)

Ledoxscin

CiirWl*EvaW3ie M~robidogtca~Ev#uebie
(N=234) (WI 63)

sax
Man 132 92
woman 102 n

RIIX!
Caucadan 195 130
Black 34 28
Hispanic 4 4
Other 1 1

ass (YSala)
S45 87 61
4564
265

N
MeantSD

Wwlt

}eanAD
Rmge
Miaslng

64
?3

234 163

iiliiia
8

150
lW.lt40.8
~

Se!usftty
Severe
Miid.Modwate 19? 1:

!WXtla
inDaent 66 72
oiJtpsiiert 146 St

NOTE:VduesreLweaentnurmrscftijectsexcegtas Otherwehdcsted.

12.1.4. Dosage/Extent of Exposure

The mean numbers of days of iv. and oral levofloxacin therapy were 3.8
and 11.S, respectively, and the mean number of days of total therapy was
12.7. The median numbers of days of iv., oral, and total therapy were 3,
14, and 14, respectively. Fourteen subjects received levofloxacin therapy
for more than 14 days. Eighty-two subjects received both iv. and oral
therapy, nine subjects received only iv., and 173 subjects received only
oral therapy. The mean duration of therapy was 12.7 days for subjects who

—
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received both iv. and oral therapy, 2.1 days for subjects who received
only iv. therapy, and 13.2 days for subjects who received only oral
therapy. Of the 264 subjects, 248 (93.9%) were administered their entire
course of levofloxacin therapy at q24h or q48h intexwals, and 16 (6.1%)
subjects received one or more days of twice-daily dosing. Nineteen
subjects had their levofloxacin dosage adjusted at some point during the

study. Levofloxacin dosage was increased for 12 subjects and decreased for
five subjects; two additional subjects had both increases and decreases in
their levofloxacin dosage. Dosage reductions were made because of renal
insufficiency (one subject), tolerance problems (one subject), and other
reasons (three subjects) .

Table 12.1.4
&tent of Exposure to Therapy:

Sponsor’s Intent-to-treat Subjects (Study M92-075). .
RouieofTharapf4

Ettherl.V.or
Iv. oral OrslThararw

ExtentofTherapf (?4=91) (N=255) (N=264) -

MQoJMEw’
Unlolwn o

5
; 5
2.5 2
3 37
4 f8
4.5 2
5 8
5.5 2
6 8
6.5 0
i’ 1
7.5 0
8
8.5 ;
9. 0
9.5 0
10 0
11 1
11.5. 0
12 0
13 0
14 0
15 0

0
:: 0
20 0
28 0
Mea&SD 3.W1.64
Mech 3

MW&MLWS
Tc$slWithDosmglnforrnsiion 91
TdalWthUrlmown Dognglnformation” o
MemtSO 4.IQ.4
Mec5an
Rings &#

“Subjectawhoraceuedbothiv. ad oraltherw arenclukl h btth categories.

6
3
0
c1
2
6
1
1
1
3

:
2

12
0

10
1

::

:
5

126
6
2
1
0
1

11.8i3.%
14

250

11.$$53.?5

6
3
3
0
4
3
0
1
0
1
0
7
0

:
4

6
0
6

13
lti

9
2
1
1
1

127H.24
14

259
5

12W.89
14

‘Daysontherawws defnedas(lasdsiy- fadaf+l).
‘Onaaubjacthadniasingdatafordafs ontharapybuthsddatafornuntterofdoaes



( 359

12.1.5. Concomitant Therapies:
Concomitant therapies administered during the study that were considered
to possibly have a clinically relevant interaction with quinutbnes are
surrmrarizedin Table 12.1.5, below, along with the total number of subjects
who took any concomitant therapy. Two hundred fifty-five (96.6%) subjects
took concomitant therapies during the study. Of the concomitant-therapies
of interest, the most frequently administered agents were central nervous
system-acting medications, which were taken by 201 (76.1%) subjects.

Table 12.1.5
S~ry of Concomitant Therapies:

Modified Intant-to-’rreat Subjects (Study M92-075)
.,

LeVcdlmach
(N=269

TherapyClasslfiiaiion No. %
TotalWhoToolrA~ CorrcorritartTheraW 255 (86.5

Centrc4Nervous8yatem” 2m (78.1)
Artticrobials 73 (27.7)
Arbcids 43 (l&q
MAIDS 40 (15.3
Brmctmdktrxs 32 (121)
VtarWs&NUrttiOnalSWPISrnantS 28 (1O,q
Artkoagularts 16 (6.1)
ArtidiabsiicTherapy 15 (5.7)

“Besidaslhetradtionslcertralnewouasfstemactirrgciugs(sntip~chotics,
Wdepressants,anti@ie@ics,tryprrotics,aedatwes,antiparkirraonwsnts, o@ad
snalge$ics,mdaneStwtks), c4herdrugswithaecorrdarycertralrrervoussystem
affectswereinckrded,SesAppandxlOforcon@etedruglM

12.2. Clinical Results
This section of the report focuses on results of the secondary efficacy
analyses of clinical response, based primarily on the groups of subjects
evaluable for clinical and microbiologic efficacy. The results from the other .
analysis groups were generally consistent with those from the clinically and
microbiologically evaluable groups and are provided as attachments in the

12.2.1.. Overall Clinical Response

12.2.1.1 Clinical Response Posttherapy (S to 7 Days After
Completion of Therapy):

The clinical response at the posttherapy visit for subjects who were
clinically evaluable is sumarized by study center in Table 12.2.1.1.A, on
the following page. Among 234 clinically evaluable subjects, 182 (77.8%)
were cured and 40 (17.1%) were improved. Twelve (5.1%) subjects failed
treatment. Of the 234 clinically evaluable subjects, 220 (94.0%) received
levofloxacin treatment at q24h or q48h intervals; clinical response rates
for these subjects were cured for 172 (78.2%) subjects, improved for 38
(17.3%) subjects, and failed for 10 (4.5%)subjects. In the
microbiologically evaluable group, levofloxacin treatment- resulted in
7S.5% cure, 17.2% improvement, and 4.3% failure. For the intent-to-treat
group, 72.3% were cured, 20.1% were improved, 6.8% failed treatm-~nt, and
0.8% of subjects could not be evaluated.
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Table 12.2.1 .1.A

Clinical Response Rate 5 to 7 Day8 Pomttherapy for Each Study Center: -
Spons~’s Clinically Evaluable Subjects (Study M92-075) _

Mofloxacln
lnvaWgator N Curad Improvad Faled

AhVine 4 4 (100.0)
Carroll 9 7 (77.s) : $: : %: ‘-
Chattman 24 16 (66.7) 5 (20.s)
Epstaln

3 (12.5)
10 2 (20.0) 6 (60.0) 2 (20.0)

Faris 9 6 (66.7) 1 (11.1)
Fogarty

2 (22.2)
60 57 (95.0) 3 (5.0) o

Oaman
00)

10 9 (s0.0) 1 (10.0) o (0.0)
Gmm 9 7 (77.s) 1
Ksrnodk

(11.1)
4 1 (25.0) : ;:::

Liebhaber
o (U.0)

6 4 (66.7) 1
MOWOmS

(16.7)
4 0 (0.0)

; ::;
1 (25.0)

Nahum 4 3 (75.0) 1 (25.0) o
Nelson

(0.0)
4 3 (75.0) o (0.0) 1

Rodman
(25.0)

17 16 (94.1) 1 (5.9) o
Rosen

(0.0)
5 2 (40.0) 3 @o.o) o (0.0)

Sullivan 47 40 (65.1) 6 (12.8) 1
Swezey

(2.1)
4 2 (50.0) 2 (50.0) a

Upchurch
(0.0)

4 3 (75.0) 1 (25.0) o 0.0)
Total 234 1s2 (ZJJ3) 40 (17.1) 12 (5.1)

Numbersshownin parenthesesare percentagesfor that category.
‘A windowof 1-10 dayspo~herapy was usedfor deterninatkmofavaluablity.

Furthermore, to provide a dichotomous assessment of clinical response for
clinically evaluable subjects, the clinical response categories “cured”
and “improved” were combined into a single category of ‘Clinical Success, “
and the clinical response category “failed” was designated as the category
of “Clinical Failure.- Among clinically evaluable subjects, levofloxacin
treatment resulted in 94.9% clinical success at the posttherapy
evaluation.. The clinical success rates at the posttherapy visit for
subjects who were clinically evaluable is summarized by study center in -
Table 12.2.1.1.B, on the following page.

--

—



361

Table 12.2.1.1.B —
Clinical Success/Failure Rates 5 to 7 Days Posttherapy by Study Center:

Sponsor’s Clinically Bvaluable Subjects (Study 2492-075)

Lavofioxacin
Invasiigator N success Fiilurs

AiwBw 4 4 (100.0) o (0.0)
Carrol 9 9 (100.0) o
Chattman

(w
24 21 (87.5) : (12.5)

EpSeh 10 8 (80.0) (20.0)
F%is 9 7 (77.8) 2 (22.2)
Fogarty 60 60 (100.0) o
Gaman 10 10 (100.0) o :$
mum 9 8 (88.8) 1 (11.1)
Kamodle 4 (&.;; o
Liabhabw

(0.0)
: 5 1 (16.7)

Mogyoros 4 3 (7s0) 1 (25.0)
Nahun 4 4
NeSon

(100.0) o (0,0)
4 3 (75.0) 1 (25.0)

Rodman 17 17 (100.0) o (0.0)
Rosen 5 5
Sulhan

(IO#; o
47

(0.0)
46 f (2.1)

Swszey 4 4 (100.0) o (0,0)
UpChurch 4 4 (100.0) o (0.0)
Tdel 234 222 (84.9) 12 (5.1)
Nutiers shownin parenthesesare percentagesfor that category.
“A vdndowof 1-10 dayspodtherapywas usedfor determinationof avalusbllty.

12.2.1.2. Clinical Response Poststudy (21

Completion of Therapy):
The poststudy clinical response for subjects who
microbiologically evaluable, who had a posttherapy

--

to 28 Days After

were clinically and
clinical response of

cured or improved, end who completed the poststudy evaluation is
summarized for each study center in Table 12.2.1.2, on the following page.
Of the 152 clinically evaluable subjects who completed the poststudy -

evaluation and who had a posttherapy clinical response of cured or
improved, poststudy clinical responses were cure for 141 (92.8%) subjects,
improved for seven(4.6%) subjects, and relapse for four (2.6%) subjects.
Improvements in clinical responses from the posttherapy to the poststudy
evaluations were noted for the 26 clinically evaluable subjects whose
ratings changed from improved to cure. Among the 96 microbiologically
evaluable subjects who completed the poststudy evaluation and who had a
posttherapy response of cured or improved, poststudy clinical responses
were cure for 90 (93.8%) subjects, improved for four (4.2%) subjects, and
relapse for two (2.1%) subjects Improvements in clinical responses from
the posttherapy to the poststudy evaluations were noted for 19
microbiologically evaluable subjects, whose ratings changed from improved
to cure. Poststudy clinical response ratings for intent-to-treat subjects

and modified intent-to-treat subjects with an admission pathogen were
consistent with results for the clinically and microbiologically evaluable
groups. —

—
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Table 12.2.1.2
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Clinical Response Rate Poststudy (21 to 28 Days
for Each Study Center:

Clinically and Xicrohiologically Evaluahle Suhjecte

Posttherapy)

(Study 3492-075). .
ClirkalyEvahhla Mksobbb~cdE~hmMa:
PoetstudyRqomsa PoststudyRaaPonae . .

Postthefapy
ktuxtigdor Respow N Cured Improved Relqse N Cured Improved Rel~
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carol
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Epatern
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Swalay
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Tti
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tmprovad
cured
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Curad
Improved
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Improved

Improved
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Curad
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Improved

Curad
lm~ovad
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Improved
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Clacd

2

5
2

16
4

:
6

52
3

9
1

1

:

4
1

3

1

1

1
1

1
3

14
5

2

3

118
trmxoed 54

2

5
2

16
3

1
s

6

52
2

9
1

1

:

4
0

f

1

1

;

f
3

12
5

1

3

116
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0

;
o
0

0
1

0

0
1
0
0

0

:

0
1

2

0

0

0
1

0
0

0
0

1

0

a
7

0

0
0

0
1

0
0

0

0
0

:

0

;

o
0

0

0

0

:

0
0

2
0

0

0

3
1

2

:

4
2

1
5

5

43
2

1
1

0

:

1
1

3

1

1

:

1
3

8
3

0

0

72
24

2

3
2

4
1

1
4

5

43
2

1
1

0

;

:

1

1

1

:

1
3

7
3

0

0

74
1s

o

;

o
0

0
1

0

0
0

0
0

0

0
0

0
1
2

0

0

:

0
0

0
0

0

0

0
4

0

0
0

0
1

0
0

0

0
0

:

0

0
0

0
0

0

0

0

0
0

0
0

1
0

0

0

1
1
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12.2.2. Clinical Relapse

of Therapy) :

Poststudy

Four clinically evaluable subjects
these subjects had a posttherapy

(21 to 28 Days After Completion

had a relapse poststudy. Three of
response of cured, and one had a

posttherapy response of improved. Two of these subjects had a p&therapy
microbiologic response of eradicated, and two were microbiologically
unevaluable at posttherapy. Both of the subjects who were
microbiologically evaluable at posttherapy evaluation had poststudy
microbiologic responses of persistence. In the microbiologically evaluable
subjects, the admission pathogens were Escherichia coli and C. pneumonia

(Subject- and Moraxella (Branhamella) catarrhalis (Subject-.

Table 12.2.2
Subjects With a Poststudy (21 to 28 Days Posttherapy)

Clinical Response of Relapse:
Sponsor’s Clinically Evaluable Cohort (Study M92-075)

Cliiicnl Microbid(qic
Adnisdon Rezmtse Remmsa

Sdljed Inwxtigdor Pdtmgen d P“os4therepy #-F&ttlerepy

ChMman EschericM2cuf Improved Emdcded

Chbmydi#pneumom#Impmved Emdcated

Rodma None Cuts IJnevduebla

Sdfiwn Mor#xetb(3rsnhame#a) Cum Em&ated
atarh~fs

When Nona cum Unevdu&rk

Subject ~ (Investigator Sullivan) had a poststudy response that was
categorized as “reinfection.” This subject had pneumonia caused by H. -
(Branhamella) catarrhalis, which was diagnosed from a culture of
respiratory secretions taken at admission and was susceptible to
levofloxacin. At the posttherapy evaluation, no specimen was available for
culture, and the subject was assigned a clinical response of cure and a
microbiologic response of eradicated. At the poststudy evaluation, the
subject was noted to have chills, chest pain, dyspnea, and cough, all of
which were absent at the posttherapy evaluation. A culture of respiratory

secretions revealed H. parainfluenzae. Based on these findings, the
subject was assigned a poststudy clinical response of reinfection.

12.2.3. Clinical Response by Pathogen
C. pneumonia, H. influenza, and S. pneumonia were the most prevalent
pathogens. CliniCal Success rates, i.e., percentages with clinical
responses of cured or improved, ranged from 83.3% (S. aureus) to 100.0%
(S. pneumonia, M. catarrhalis, K. pneumonia, and E. coli) for all
prevalent pathogens isolated from respiratory or blood cultures. Clinical
success rates for atypical pathogens ranged from 80.O%(L. pneumophila) to
100.0% (M. pneumonia). The posttherapy clinical response rates by
pathogen for the clinically evaluable and intent-to-treat groups, as well

—
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as for modified intent-to-treat subjects with an admission pathogen, were
consistent with the results for the microbiologically evaluable group. “In
general, for each analysis group, poststudy clinical response-rates of
cure or improved by pathogen were similar to or higher than the respective
posttherapy response rates.

.-

Table 12.2.3
Clinical Response Rates 5 to 7 Days Posttherapy

Summarized by Method of Evaluation and Prevalent Pathogens:
sponsor’s Clinically Evaluable Subjects (Study M92-075)

Lewwloxech
MothodafEmtuefimPethqen’ N“ Cured lm~d Frnled

ReqMratoryCMwee

llaemoph~shfiuanxae

Sftepfoco.ccuspneunronise

Sfaphybcocwsweus
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12.2.4. Clinical Response by Severity of Infection
One hundred twenty-seven (77.9%) of the 163 microbiologically evaluable
subjects had mild/moderate infections and 36 (22.1%) had severe
infections. Similar proportions of subjects with mild/moderate and severe
infections had posttherapy clinical response ratings of cure (78.0% and
80.6%, respectively), improved (17.3% and 16.7%, respectively), and failed
(4.7% and 2.8%, respectively). Clinical response by severity of infection
is summarized for the sponsor’s clinically evaluable subjects in Table
12.2.4, on the following page.

—
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Table 12.2.4
Clinical Response 5 to 7 Days Posttherapy

Summarized by Severity of Infection:
Sponsor’s Clinically Evaluable Subjects (Study M92-075) ..
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were based on the

12.2.5. Clinical Signs and Symptoms
The proportions of clinically and microbiologically
with resolution of clinical symptoms of pneumonia
posttherapy assessment of the subjects 5 to 7 days after completion of
therapy. Levofloxacin treatment resulted in a clearing of chills,
pleuritic chest pain, and purulent sputum in at least 87.6% of the
clinically and microbiologically evaluable subjects, whereas shortness of
breath and cough resolved in at least 73.2% and 50.6%, respectively, of
subjects.

Table 12.2.5.A
Subjects with Resolution of Clinically S~toms of Pneumonia

at Posttherapy Evaluation: Sponsor’s Clinically
and Microbiologically Evaluable Subjects (Study 2492-075)
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A trend toward improvement was evident for all positive admission chest
examination findings, with at least 88.0% of subjects showing resolution
or improvement in clinical signs of pneumonia at the posttherapy chest
examination 5 to 7 days after completion of therapy. —
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Table 12.2.5.B

Proportion of Subjects with R-solution or Improvement

366

of pneumonia -
Baaed on the Poattherapy Chemt Examination:

sponsor’s Clinically and Microbiologically Bvaluable Bubjacts

12.3. Microbiologic Results
Microbiologic response was the primary efficacy variable in this study. The
analyses of microbiologic response, based primarily on the group of subjects
evaluable for microbiologic efficacy, are presented in detail in this section,
with results of other analysis groups provided in the Supporting Data section at
the end of the text and briefly described here. The results from the other
analysis groups were generally consistent with those from the microbiologically
evaluable group.

12.3.1. In Vitro Susceptibility: —

susceptibility to levofloxacin was determined for all aerobic pathogens,
except C. pneumonia, L. pneumophila, and M. pneumonia. One hundred
eighty-four subjects had pathogens isolated in respiratory or blood
cultures at admission. The 184 subjects had 176 pathogens with known
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Table 12.3.2.1
Microbiologic Eradication Rates (5 to 7 Days Posttherapy):—
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‘Numbers shown in parentheses are percentages for that catagory.

12.3.2.2. Microbiologic Eradication Rates by Pathogen

For all microbiologically evaluable subjects, the microbiologic
eradication rates ranged from 83.3% to 100.0% for prevalent pathogens .
detected in respiratory cultures. Levofloxacin treatment eradicated 100.0%
of S. pneuqoniae detected in blood cultures, and from 80.0% to 100.0% of
atypical pathogens diagnosed by serology or other diagnostic procedures.
The microbiologic eradication rates for C. pneumonia, H. influmzae, S.

pneurnoniae (detected in respiratory secretions), s. aure~s, and B.
catarrhalis, the most prevalent pathogens, were 94.7%, 97.4%, 97.1%,
83.3%, and 100.0%, respectively. Microbiologic eradication rates
posttherapy for the clinically evaluable subjects were similar to those
for the microbiologically evaluable subjects. For all efficacy analysis
groups, microbiologic eradication rates poststudy were similar to or
higher than the corresponding rates posttherapy. The posttherapy responses
were comparable across

results are summarized
the various sex, age, and race subgroups. These
in Table 12.3.2.2, on the following page.

—

—-
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Table 12.3.2.2.
Clinical Response 5 to 7 Daya Posttherapy —

Summarized by Method of Evaluation and Prevalent Pathogens:
Microbiologically Invaluable Subjects (Study M92-075)
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12.3.2.3. Clinical Response by Severity of Imf ection

One hundred twenty-seven (77.9%) of the 163 microbiologically evaluable
subjects had mild/moderate infections and 36 (22.1%) had severe
infections. “

Table 12.3.2.3.
Microbiologic Eradication Rates 5 to 7 Days Posttherapy

Summarized by Severity of Infection:
Sponsor’s Microbiologically Bvaluable Subjects (Study M92-075)
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12.3.3. Superinfection:
—

Three subjects treated with levofloxacindeveloped superinfections. Table

12.3.3 lists key information, including pathogen and susc-eptibility
results, for the three subjects. The organism causing the superinfection
of one of these subjects was resistant to levofloxacin. For Subject -
bilateral sinusitis was confirmed by sinus X-ray, and the organism causing
the superinfection was not isolated.

Table 12.3.3
List of Subjects with Superinfections:

sponsor’s Modified Intent-to-Treat Cohort (Study M92-075). .
Sutjed Suscesmmy
Number Period Pdtmgen !3Qrzca Lewloxech
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12.4. Sponsor’s Summary of Key
The posttherapy clinical responses to

Efficacy Results
levofloxacintreatment were evamted for

the modified intqt~to-treat subjects with an admission pathogen, clinically
evaluable group, and rnicrobiologically evaluable group, and the posttherapy
microbiologic responses for modified intent-to-treat subjects with an-a-@nission
pathogen and microbiologically evaluable subjects and are sunanarizedin the table
below. Within response category (clinical or microbiologic), the results are
comparable between the analysis groups. Moreover, there is concordance between
the clinical and microbiologic responses based on a cross-tabulation of clinical
response versus microbiologic response for microbiologically evaluable subjects,
further confirming the consistency and reliability of the clinical and
microbiologic responses. The clinical and microbiologic results demonstrate that
levofloxacin is effective in the treatment of cormnunity-acquiredpneumonia. The
major clinical and microbiological efficacy results are summarized in Table 12.4,
below.

Table 12.4
Summary of Key Efficacy Results:

Sponsor’s Clinically and Microbiologically Evaluable Subjects
(Study M92-075)
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13. Efficacy as per Medical Officer:

13.1.1. Patient Population:
Of the sponsor’s intent-to-treat cohort, the medical officer cons=ered 82%
(217/264) clinically evaluable. Of these 217 clinically evaluable patients, the
medical officer determined that 78* (170/217) of these were microbiologically
evaluable and 22% (47/217) were microbiologically unevaluable. The rexsons for
both clinical and microbiologic nonevaluability are summarized in a series of
tables under section 13.1.2. The breakdown of the intent-to-treat cohort into
evaluable subgroups is summarized in Table 13.1.1.A and 13.1.1.B, below.

Table 13.1.1
FDA Clinically and Microbiologically Bvalueble Patients:

subgroups of Sponsor’s Intent-to-treat Cohort (Study M92-075)

I FDA Clinically Bvaluable I FDA Clinically Nonevaluable

FDA Microbiologically FDA Xicrobiologically FDA FDA Microbiologically
Evaluable Nonevaluable Microbiological Nonevaluab le
N (%) N(%) ly Bvaluable N(%)

N(%)

170/217 (78%) 47/217 (22%) 0/264 (0%) 47/264 (18%)

PDA Clinically Bvaluable PDA Clinically Nonevaluahle
217/264 (82%) 47/264 (18%)

“1

Intent-to-treat Cohort
264

..
-.
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13.1.2. Demographics of FDA Clinically and Microbiologically

Evaluable Cohorts

Of the 217 patients in the FDA clinically evaluable patient cohort, 126 (58%)
were male and 91 (32%) were female. In the cohort of 170 patients who were both
clinically and microbiologically evaluable, there were 96 (56%) males and 74
(44%) females. These are similar to the gender distribution found in the intent-
to-treat cohort, as summarized in Table 12.1.2. The distribution among racial
groups and age ranges was similar for both the clinically and
clinically/microbiologically evaluable cohorts, and these were similar to the
demographics of the intent- to-treat cohort. The demographics of the clinically
and clinically/microbiologically evaluable cohorts are summarized in Table
13.1.2.A, below.

Table 13.1.2.A
Demographic and Baseline Characteristics:

FDA Clinically And Microbiologically Bvaluable Cohorts (Study M92-075)

PDA Clinically Svaluable FDA Clinically and
Patients N (%) Microbiologically Bvaluabla

Patients N (%)

TOTAL 217 170/217 (78%)

so% u 126/217 (58%) 96/170 (56%)
F 91/217 (32%) 74/170 (44%)

Race Caucasian 182/217 (84%) 137/170 (Eot)
Black 30/217 (14%) 38/170 (22*)

Hispanic 4/217 (2%) 4/170 (2%)
Asian 1/217 (<1%) 1/170 (<1%)

Age (yra) $45 92/217 (42%) 68/170 (40%)
46-64 61/217 (28*) 51/170 (30%)
265 64/217 (30k) 51/170 (30%)

13.1.3. Reasons for Nonevaluability

13.1.3.1. Reasons for Clinical Nonevaluability
Of the sponsor’s intent-to-treat cohort, the medical officer considered 18%

(47/264) clinically unevaluable. The reasons for nonevaluabilj.ty are summarized

in the Table 13.1.3.1.A, on the following page. The main reasons for clinical
nonevaluablilitywere (1) inappropriateclinicalevaluationdate, (2) lost to follow-up,
and (3) insufficientcourse of therapy.

.

.-
—

—..—
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Table 13.1.3 .1.A -.
Reasons for Clinical Nonevaluability:
FDA Nonevaluable Patients (Protocol M92-075) —

4

~
Inappropriateclinicalevaluationdate

1

AIDS or HIV Seropositivity I 4

Drug thrapy

Insufficient Course of therapy 8
Concomitant Antibiotic Therapy 6
Multiple Missed Doses 3

.-

Includes those with early Em visit and no
Eos visit

Missed more than two doses of study drug

Clinical Diagnosis Unconfirmed 1

Lost to Follow-up 8

Protocol violation 1. Protocol-specified dosage adjustment for
Creatinine Clearance 5 CrCl <SO mL/min was not implemented.

2. Baseline CrCl s20mL/min

TOTAL Reasons 47
‘fOThLPatients 47

Of the 47 patients considered clinically nonevaluable by the medical officer, the
medical officer differed with the sponsor’s assessment in 40% (19/47) of the
cases (i.e., the patient was considered clinically evaluable by the sponsor, but
not by the medical officer) . The reasons for clinical nonevaluability in this
subgroup of patients are summarized in Table 13.1.3.1.B, below.

Table 13.1.3.1.B.
Reasons for Clinical Nonevaluability:

Patients Evaluable by Sponsor but Nonevaluable by FDA (Protocol M92-075)

Re=soa for Noaavaluability Total Subgroups of Reasoas for EIonavaluability
N

AIDS or HIV Seropsitivity 4

Protocol violation 1. Protocol-specified dosage adjustment for
Creatinine Clearance 5 CrCl s50 mL/mln was not implemented.

2. Saseline CrCl s20mL/min

Drug therapy
Concomitant Antibiotic Therapy I 6
Multiple Missed Doses 3

Inappropriate clinical evaluation date 1

TOTAL Reasons 19
TOTAL Patients 19

Early E(YTvisit with no EOS visit
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13.1.3.2. Reasons for Microbiologic Nonevaluability
Of the 264 patients in the intent-to-treatcohort, the medical Officer+etermined ‘
that 18% (47/264) of these were clinically, but not microbiologically, evaluable,
and 18% (47/264) were neither clinically nor microbiologically evaluable. ‘rhus,
a total of 36% (94/264) ware microbiologically unevaluable. The main reasons for
microbiologic nonevaluablility were (1) no pathogen isolated on admission
culture, (2)inappropriate bacteriologic culture, and (3) insufficient course of
therapy. The reasons for microbiologic nonevaluability for each of these
subgroups are as summarized in the Table 13.1.3.2.A, below.

Table 13.I.3.2.A
Reasons for FDA Microbiologic Nonevaluebilj

AU Admimzion Pathogens (Protocol M92-07

FDAclinically
zvaluable/
Nicrobiologicalxy
Unmraluabla

t?o~maion Pathosan 45

Drug Tborapy
Insufficient duration of therapy -.

Concomitant antibiotic therapy --

~ropriata CliniCal Evaluation Date
Sarly EOT visit with no EOS visit I -.

Lost to Follow-up --

Protocol Violation
happropriate bacteriologic culture --

Missed more than 2 doses --

Creatinine clearance** --

AIDS or HIV seropositivity I
--

Residual sputum at posttherapy visit not cultured I 2

FDA Clinically and
Microbiologically
Unovaluabla

15

5
4

1

4

10
2
3

3

-.

Total ticrobiologically Wnmvaluablo Patients 47
I

47

94

** ~otocol violati~ of ●ither (1) protocol-specified &sage adjustment for &cl <50 mL/min was not

implemented, OR (2) baseline CrCl s20mL/min

Of the 94 patients considered microbiologically nonevaluable by the medical
officer, the medical officer differed with the sponsor’s assessment in 16%
(15/94) of the cases (i.e., the patient was c&sidered
evaluable by the sponsor, but not by the medical officer).
microbiologic nonevaluability in this subgroup of patients
Table 13.1.3.2.B, on the following page.

—

microbiologically

The reasons for
are summarized in

—

..

—
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Table 13.1.3.2.B.

Reasons fez Clinical Nonevaluability:

377

Patients Bvaluable by Sponsor but Nonevaluable by FDA (Protocol X92-075)

Reason for Xonevaluability Total Subgroups of Rmamonafor lionavaluability
N

ResidualSputum at EOT never cultured 4

AIDS or HIV Seropsitivity 3

Protocol violation
Creatinine Clearance** 3

Drug therapy
Concomitant Antibiotic Therapy 4
Multiple Missed Doses 2

Inappropriate clinical evaluation date 1 Early EOT visit with no EOS visit

TOTAL Reasons 17
TOTAL Patients 15

● Protocol violation of either (1) Protocol-specified dosage adjustment for CrCl <SO mL/min was not
implemented, OR (2) baseline CrCl <20mL/min

13.2. Clinical Efficacy as per Medical Officer:
Using the medical officer’s clinical evaluability criteria delineated in Section
10.2.1 of this review, a total of 217 clinically evaluable patients were selected
from the intent-to-treat cohort. As discussed earlier in this review, the
investigators were given the option of increasing the dosage of levofloxacin to
500 mg BID for cases of severe community-acquired pneumonia. Of the 217 -
clinically evaluable patients, 203 received levofloxacin 500 mg QD and 14
received levofloxaein 500 mg BID. The analysis of efficacy was conducted on the
subgroup of patients who received levofloxacin 500 mg QD, as this was the dose
and duration requested by the sponsor in the proposed labeling. Those patients
who were treated with levofloxacin 500 mg BID are included in the tai.blesfor the
purpose of completeness, but the total number of patients was too,smell to allow
for any definitive conclusions to be drawn from this dosing group.

13.2.1. Clinical Cure Rates as per Medical Officer:
The overall cure rate at the posttherapy evaluation was 52% (105/203) for those
patients treated with levofloxacin 500 mg QD. Cure rates by investigator are
summarized in Table 13.2.1.A, on the following page. Note the variability in
cure rates across study centers.

..
—-
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Table 13.2.1.A
Posttherapy Clinical Cwe Rates By Investigator: —

Levoflozcacia 500mg QD and Levofloxacin 500 mg QD BID
FDA Clinically Evaluable Subjects with (Studv M92-075)

Lavofloxacin500 q QD

.

tiflOXSCiB 500 ~-B-ID

N Cur* Fail 34Invoatiaator Cure Zmrove Fail

Carroll
Chattman
Fogarty
Gaman
Grum
Rodman
Sullivan
Other

Total

Resultsare

2 (50)
11 (61)
19 (38)
5 (50)
7 (64)
6 (43)
31 (76)
24 (44)

105 (52)

~

2 (so)
6 (33)
31 (62)
s (50)
2 (18)
8 (57)
9 (22)
20 (37)

83 (41)

Itors with

4
18
50
10
11
14
41
55

203

“esented

o (o)
1 (6)
o (o)
o (o)
2 (18)
o (o)
1 (2)
11 (19)

15 (7)

,0or more

4 2 (50) 2 (50)
1 (17)
---

3 (75)
---
---
---
-..

6 (43)

-

0 (o)
2 (33)
---

0 (o)
---
.-.
---
---

2 (14)

6 3 (50)
--- -..

1 (25)
--- ---
--- ---
--- ---
---- ---

6 (43)14**

mt group,Ltients in
with the exception of Dr. Carrel
to the BID dosing cohort. All 0:
●N=Number of patients in that category. Numbers shown in parentheses are percentages for that

category.
●*14/zz5 (6*) of levofloxecin-treated patienta were treated With leVOfhxaCin 500 I@ BID

who is presented because of his large contribution of patients
Ierinvestigators are combined under “other”.

13.2.2. Clinical Success Rates as per Medical Officer:
The clinical success rate is defined as the combined rate of patients clinically “cured= or
‘improved” at the follow-up evaluation. Using this definition, the werall clinical success rate
was 93% (1S8/203) for the levofloxacin-QD-treated cohort, and 86# (12/14) for the levofloxacin-BlD-
treated cohort. Clinical auccesa rates by investigator for levofloxacin-treated patients are
summarized in Table 13.2.2.A, belw.

Table 13.2.2.A
Po8tthorapyClinical Succeaa Ratem By Investigator:
Levofloxacin 500 = QD and Lavofloxacin 500 m# QD BID
?DA ClinicallytialusblaSuhjecta (StutiX9?i-075)

Levofloxacin500 mg QD Levofloxacin 500 mg BID

N success” NInvestigator
t

succeBs’

Chattman
Fogarty
Gaman
Grum
Rodman
Sullivan
Other

18

50
10
11
14
41
59

203

17 (94)

50 (loo)
10 (loo)
9 (82)

14 (loo)
40 (98)
48 (81)

188 (93) 14 12 (86)Total
>
Results are preser

n
~ <

!d for investigatorswith 10 or more evahable patienta in each treatmentgroul
-1 other investigators are combined under “other=.
-linical success is defined as either clinical cure or clinical imprwement.
Numbers shown in parenthesesare percentagesfor that category.

..
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13.2.3. Clinical Cure Rates by Pathogen:
Using the medical officer’s clinical and microbiologic evaluability criteria
delineated in Sections 10.2.1 and 10.2.2 of this review, a total of l=patients
were both clinically and microbiologically evaluable. It is this subgroup on

which the following analysis is based.
.-

The clinical cure rates by pathogen for levofloxacin-QD-treated patients are
summarized in comparison to ceftriaxone/cefuroxime-treated patients in Table
13.2.3.A, below.

Table 13.2.3.A
Poat8tudy Clinical Curm Ratom for Subj.ctm with Pathogena of Primary Intarost:

Levofloxacin 500 mg QD
FDA Clinically Evaluable Subjects (StudyM92-075)

Levofloxacin 500 mg QD

Pathogen r Cure Improve Fail

Routine Bacterial Pathogens
Haemophilus influanzae 29 17 (59) 9 (31) 3 (lo)
Haemophilus parainfluenzae 11 5 (45) 5 (45) 1 (9)
Klebsiella pneumonia 5 4 (80) 1 (20) o (0)
Moraxella (Branhamella) catarrhalis 11 9 (82) 1 (9) 1 (9)
Staphylococcus aureus 11 7 (64) 1 (9) 3 (27)
Streptococcus pneumonia 34 12 (35) 30 (88) 4 (12)

Other Pathogen8

C.Mamydia pneumonia
Legionella pneumophila

103 53 (51) 45 (44) 5 (5)

Mycoplasma pneumonia
4 1 (25) 1 (25) 2 (50)

6 3 (50) 3 (50) o (o)

.. ——L. —A_—-—— m—— L’L-A --A-—-—.
twmmers snown m parencneses are percentages Lor mac ca~egwry.

—

..

‘N=number of subjects who had that pathogen alone or in combination with other
pathogens.
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13.2.4. Clinical Success Rates by Pathogen:
The clinical success rates by pathogen for levofloxacln-QD-treatedpatients are
summarized in Table 13.2.4.A, on the following page.

Table 13.2.4.A
Poststudy Clinical Succass Rates by Pathogen .-

Levofloxacin 500 sg QD
All FDA Clinically Evaluable Subjects (Protocol K90-071)

Pathoven

Routine Bactori&l Pathogens
Haemophilusinfluenza
Haemophilusparainfluenzae
Klebsiella pneumonia
Moraxella catarrhalis
Staphylococcus aureus
Streptococcuspneumonia

Other Pathogens
Chlsmydia pneumonia
Legionella pneumophila
Mycoplasma pneumonia

Lovcfloxacin 500 mg QD

29
11
s
11
11
34

103
4
6

Clinical Success

26 (90)
10 (91)
5 (loo)
10 (91)
8 (73)

30 (88)

98 (95)
2 (50)

6 (loo)
t

Numbers shown in parenthesesare percentagesfor that category.
?J.numberof subjectswho had that pathogenalone or in combination

with other pathogens.

13.2.5. Clinical Response by Severity of Infection:

FDA Clinically Evaluable Subjects

The clinical response rate was analyzed by severity of infection for the

dichotomous grouping of mild-to-moderate infections and severe

infections. While there was a large difference in the clinical cure

rates by severity of infection (56% cured in mild-moderate group vs. 31% -

cured in the severe group) , this discrepancy disappeared when the

clinical success rate (clinically cured + improved) was calculated by

severity of infection (93% clinical success in mild-moderate group vs.

92% clinical success in the severe group). These results are summarized

in Table 13.2.5, below.
Table 13.2.5

Clinical Response by Severity of Infection:

FDA Clinically Evaluable Subjects (Study M92-075)

Lovcfloxacin 500 w QD

Severity N Cure Improve Fail

Mild/Moderate 167 94 (56) 61 (37) 12 (7)
Severe 36 11 (31) 22 (61) 3 (8)

Severity N Clinical Succeea Fail

Mild/Moderate 167 155 (93) 12 (7)
Severe 36 33 (92) 3 (8)

Numbers shown in parenthesesare percentagesfor that category
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13.3 Microbiologic Response as per Medical Officer

13.3.1 Microbiologic Response by Study Center
..

The overall eradication rate in the levofloxacin-QD-treatedpatien=was 94%
(1S1/161),and this ranged from 84-100% across the major study centers of the
trial. The overall eradicationrate in the levofloxacin-BID-treatedPatients was
89% (8/9). These results are summarized in ‘Mble 13.3.1, ~low. - ‘-

Table 13.3.1
Microbiologic ICrad3cation Rates by Investigator:
Levofloxacin 500 mg QD and Levofloxacin 500 mg BID

FDA Microbiologically Evaluablo Subjects (Study M92-075)

Lavoflox8cin500 q Qn LavofloxacinSoo * Em

Investigator N Eradicated’ u Eradicatod-

Chattman 13 12 (92)
Fogarty 47 47 (loo)
Rodman 10 10 (loo)
Sullivan 35 35 (loo)
Other 56 47 (84)

Total

Results are presented for investigatorawith 10 or more evaluable

patients in ‘each treatment group. All other investigatorsare
combinedunder “other”.
Wumbers shown in parenthesesare percentagesfor that category.

13.3.2. Microbiologic Response by Pathogen

The overall eradication rates in the levofloxacin-QD-treated patients are
summarized by pathogen in Table 13.3.2, on the following page. The overall
eradication rates are all in the range of 90-100~, with two exceptions: S.
aureus and Legionella pneumophilia. S. aureus had an eradication rate of 80%

(8/10), and Legionella pneumophilia had an eradication rate of 75% (3/4). Of -
note, these estimates are limited by the small number of isolates for each

organism.

..
-.
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Table 13.3.2
Overall Microbiologic Eradication Ratmm by Pathogen Category and Pathogen:

Levofhxacin 500 q QD V8. Levofbxaci.n 500 mg BID
~ Microbioloulcallv Evaluable Subiecta’ (Studv M92-075). .-—————-— - -– -

Levof loxacin Levof loxacin
500 mg QD 500 mg BID

Pathogen catmgory/Patbogan N Bradiaatodm N Eradicated”

Pathogen Category

Gram-positiveaerobic pathcgens 75 70 (93) 4 4 (loo)
Gram-negativeaerobic pathogens 84 79 (94) 4 3 (75)
Other 95 91 (96) N/A N/A

Total by pathogen 254 240 (94) 16 15 (94)
Total by subject 161 151 (94) 9 8 (91)

Routine Bacterial Pathogen
Haemophilus influenza 28 27 (96) 3 3 (loo)

Haemophilus parainfluenzae 10 9 (90)
K3ebsiella pneumonia 5 5 (loo)
Moraxella catarrhalis 11 11 (loo)
:aphylococcus aureus 10 8 (80)
:reptococcus pneumonia 34 32 (94) 2 2 (loo)

Chlamydia pneurnoniae
IgG2:512 and/or IgFhl:Z6 103 98 (95) 5 4 (co)

Legionella pneumophila 4 3 (75) 1 1 (loo)
Mycoplasma pneumonia 6 6 (100) 1 1 (100)

●N1lmhrm ehnnn in parentheses are nercentames far that cateaaw...—.—--- -------- —--=—--.--.--—-— —-- =---—.--—=-- --- -..—- -—--=--4.

13.4. Overall Success Rates:
The overall success rates for the two dosing subgroups of clinically and
microbiologically evaluable patients are summarized by study center in Table
13.4.A, on the following page. The overall success rate for patients treated
with levofloxacin 500 mg QD was 94% (151/161), with a range of 84-100% across
study centers. The overall success rate for patients treated with levofloxacin
500 mg BID was 91% (8/9).

_.
—

—
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mmrall
Levofloxacin

Table 13.4.A
Succas8 Rat-s. By Study Center:
500 mg QD and Levofloxacti 500 mg BID

FDA Microbiologically AND Clinically Bvaluable Subjects (Study M92-075)

Investigator

Chettman
Fogarty
Rodmen
Sullivan
Other

39evofloxacin500 ~ QD

N

13

47

10

35

56

Overall Succmmm

12 (92)

47 (loo)
10 (loo)
35 (loo)
47 (84)

151 (94)

Levofloxacin 500 * EID

N

.-
-.
--
--
-.

91175 (5)

Overall Succo8a

--
--
--
--
-.

Total 161 .—.— . 8 (91)

Results sirepresented for investigators with 10 or more evaluable patients in each treatmentgroup.
Ml other investigators are combined under “other=. Wverall success is defined as either
clinical cure or improvement with microbiologic eradication.

Wumbers shown in parentheses are percentage for that category.

The overall success rates for FDA microbiologically evaluable patients are
summarized by pathogen in Table 13.4.B, below. The the estimates for the overall
success rate are limited by the number of casess for several organisms
(Klebsiella pneumoniae, Legionella pneumophilia, and Mycoplasma pneumoniae) . The

overall success rate for patients with Streptococcus pneumonia is 69%, which is
below the more favor Overall success rates seen with other pathogens.

Table 13.4.B
Overall Success Rates’ by Pathogen: Levofloxacin 500 ntgQD
FDA Microbiokgically Bvaluable Subiecta (Protocol K90-0711.——— --- - - . - ,

LevofloxacinS00 mg QD

Investigator
Overall Succem

N

Routixm Bacterial Pathogana

Haamophilusinfluenza 28 28 (loo)

Haemophilus parainfluenzae 10 8 (80)

Xlebsiella pneumonia s 5 (loo)

Moraxella catarrhslis 11 10 (91)

Staphylococcus aureus 10 8 (60)

Streptococcus pneumonia 34 32 (94)

Other Pathcgena
Chlsmydia pneumonia
1~1:512 and/or IgM21:16

103 98 (9s)

Legionella pneumophila
4 2 (so)

Mycoplaama pneumonia
6 6 (loo)

Wvarall aucceaa ia defined aa either clinical cure or imprwemant with microbiologic eradication.
Numbers shown in parentheses are percentages for that category.

—



14. Safety Results as per Sponsor:

14.1. Data Set Analyzed
A subject was included in the safety summaries if he/she received study drug and
any Postadmission data were available. Two hundred sixty-three (99.6%) of 264
subjects enrolled were evaluated for safety. Subject-was lost to follow-up
with no safety information and, therefore, was excluded from the safety analysis.
Therapy discontinuation/completion information for this subject was unknown.

14.2. Overview of Safety Data
The most frequently reported adverse events occurred in the gastrointestinal
system (22.1% incidence), followed by the nervous, respiratory, and body as a
whole systems, each with an incidence of approximately 8%. The most common
adverse events were nausea, diarrhea, headache, insomnia, and dizziness. TWenty-

six subjects reported adverse events that were considered marked in severity,
including marked dyspnea in three subjects, and marked nausea, headache,
supraventricular tachycardia, cardiac arrest, and myocardial infarction in two
subjects each. Fourteen (5.3%) subjects had adverse events considered by the
investigator to be drug-related, i.e., probably or definitely related to the
study drug. Only ~ne subject had a marked, drug-related adverse event (nausea).
Drug-related adverse events reported by z1.0% of subjects were diarrhea (1.5%)
and nausea (1.1%). Nine subjects discontinued levofloxacin therapy due to adverse
events, including three subjects with rash, two with respiratory depression/
insufficiency, and one each with hepatic function abnormalities, nausea, cardiac
arrest, and tinnitus. Twenty-two subjects reported serious or potentially serious
adverse events, mostly respiratory or cardiovascular events, and seven of these
subjects died during or shortly after the study. All seven subjects who died had
conditions or illnesses that have been associated with increased mortality from
pneumonia. All of the serious or potentially serious adverse events were
considered unrelated, remotely related, or possibly related to levofloxacin
treatment except for one event for which the relationship to study drug was
unknown; these events were most likely related to the subject’s underlying
condition. Clinically significant treatment-emergent changes in clinical
laboratory tests, physical examinations, and vital signs occurred infrequently.

14.3. Treatment-Emergent Adverse Events
14.3.1. . Summary of All Adverse Events

One hundred twenty-five (47.5%) of 263 safety-evaluable subjects reported
at least one treatment-emergent adverse event, including events considered
by the investigator as related or unrelated to study
with the highest reported frequency of adverse
gastrointestinal system (22.1% incidence), followed
peripheral nervous system, the respiratory system,
whole, each with an incidence of approximately 8%.
summarized in Table 14.3.1.Ar on the following page.

drug. Body systems
events were the

by the central and
and the body as a
These results are

/,/



Table 14.3.1.A
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Incidence of Adverse Eventi Summarized by Body System:
Subjects Evaluable for Safety (Protocol M92-075)

Le#oflcoracrn(N=26~
Bodi8@em N %..

GastroirtestinalSystern Disofd~s 58
Central&Periiheral NawousSystemDisorders 22
Respir#ory Syshm Disord~s 21
Bo@ as a Whd&-General Disorders 21

PsychiatricDisorders 18
Skin and Appendages Disorders 16
Heart Rate and Rhythm Disorders 11
Resistance Mechanism Disorders 8
MuscUo-Bkelatal System Dwrders 6

Metaboic and NutritionalDisorders 5

ApplicationSite Disorders 5
White Cell and RES kxders 4

Hasritq and Vestibular Disorders 3

Lwer and BiliarySystem D@r&rs 3
Vascular (Extracardiac) Disorders 3

Urh$ry System Dlsor&3rs 3

Cardicuascti= Disorders,General 2
Myo-, Endo-, Pericwdial LIValve Disorders 2
NmPlasms 2
Autononlc Nervous System Clsorders 1
Visbn Disorders 1

Special Senses (Other) Disorders 1

Red Blood Call Disorders 1
Platelet,Bleeding & Cbtirng Disorders 1

ReproWctive Disorders,Female” 1

(221)

(8.4)

(8.0)

(8.0)

(6.8)

(6.1)

(4.2)

(3.0)
(2.3)
(1 .9)

(f .9)
(1.5)

(1.1)

(1.1)

(1.1)

(1.1)

(0.8)

(0.8)

(0.8)

(0.4)
(0.4)

(0.4)

(0.4)
(0.4)

(0.8)

TotalWith Advwsa Evmts ~) 125 (47.5)

RES = ReticubendWWal Sy4ern
“Percentage fcr this body sf!+iamis hasad on the total number of woman avahable for

Safsty(W19.

The most frequently reported adverse events were nausea (10.3%), diarrhea
(6.5%), headache (4.2%), insomnia (3.4%), and dizziness (3.0”%). In
general, the overall incidence of adverse events among subjects who took
concomitant anticoagulant, antidiabetic, bronchodilator, or central
nervous system-acting therapies as well as for subjects who took NSAIDS or
vitamins or other nutritional supplements was comparable to that for all
subjects evaluable for safety. A higher incidence of all gastrointestinal
adverse events (46.5%), including nausea (23.3%), with a corresponding
increase in the overall frequency of adverse events, was noted for
subjects who received concomitant antacid therapy. These subjects also had -
a higher incidence of psychiatric disorders (14.0%), including insomnia
(7.0%), and body as a whole adverse events (18.6%), including back pain
(4.7%). Other body systems and primary terms with higher incidence of
adverse events reported by subjects taking various classes of concomitant
medications include: psychiatric disorders (18.8%), including insomnia
(18.8%), gastrointestinal system disorders (31.3%), including dyspepsia
(12.5%) and nausea (12.5%), in subjects who took anticoagulants;
gastrointestinal system disorders (33.3%), including diarrhea (20.0%), in
subjects who took antidiabetic medications; and headache (15.0%) in
subjects who took NSAIDS. These results are summarized in Table 14.3.1.B,
below.



Table .14.3.1.B
Incidence of Frequently Reported Adverse Events (22%)

Summarized by Primary Term:
Subjects Evaluable for Safety (Study M92-075) -

Lwotlmach
(N=263)

Body!TWstenfPrirnaIyTerm No. (%)

ARBodySystems 125 47.5

GestrantestiidSystemDisurders
Nauaea 2? 10.3
Diarrhea 17 6.5
Conatipatim 7 2.7
Abdo~~Pain 6 2.3
vor’r-mg 6 2.3

Cmtrel&PsripheralNenfousSySemDisorders
Headache 11 4.2
Dizziness 8 3.0

Ps@MricDisorders
Insomnia 9 3.4

“Prirrw term reported by22.0% of subjects.

The majority of adverse events were assessed as mild or moderate in
severity. Twenty-six subjects reported one or more adverse events of
marked severity, including marked dyspnea in three subjects, and marked
nausea, headache, supraventricular tachycardia, cardiac arrest, and
myocardial infarction in two subjects each. No other events of marked
severity occurred in more than one subject, and only one (nausea, Subject
1018) was considered by the investigator as having a probable relationship
to the study drug. Sixteen subjects, including three who discontinued
levofloxacin therapy because of adverse events, had marked adverse events
that were considered serious potentially serious. Fourteen (5.3%)
subjects had adverse events considered by the investigator to be drug-
related, i.e., probably or definitely related to the study drug. Drug-
related adverse events reported by >1.0% of subjects were diarrhea (1.5%)
and nausea (1.1%). In general, the nature and frequency of adverse events
was comparable between men and women. However, the overall incidence of
adverse events was greater among men (52.4%) than among women (41.5%) due
primarily to a greater incidence of psychiatric, respiratory, and body as
a whole adverse events among men (10.3%, 11.0%, and 11.0%, respectively)
than among women (2.5%, 4.2%, and 4.2%). In contrast, adverse events in
the central and peripheral nervous system (particularly dizziness and
headache) were more commonly reported by women (11.0%) than by men (6.2%).
The significance of these findings as it relates to levofloxacin treatment
is unclear, however, since adverse events in these three body systems
generally were not considered by the investigators to be drug-related.
Adverse events in the gastrointestinal body system were similar between
men and women. The incidence of adverse events was relatively low in the
other body systems. There was no consistent pattern of age–related
differences in the adverse event profile with levofloxacin treatment.
Adverse events were more commonly reported among the 218 Caucasians (50.9%
overall incidence) than among the 40 Blacks (30.0%), but the significance
of this finding is unclear given the relatively small number of Blacks in
this study population; the difference between Caucasians and Blacks was
most evident for gastrointestinal system adverse events (incidence of
24.8% and 7.5%, respectively).



387

14. Safety Results as per Sponsor:

.,
?

;

14.1. Data Set Analyzed
A subject was included in the safety sumaries if he/she received study drug and
any postadmission data were available. Two hundred sixty-three (99.6%) of 264
subjects enrolled were evaluated for safety. Subject -was lost to-~ollow-up
with no safety information and, therefore, was excluded from the safety analysis.
Therapy discontinuation/completion information for this subject was unknown.

14.2. Overview of Safety Data
The most frequently reported adverse events occurred in the gastrointestinal
system (22.1% incidence), followed by the nervous, respiratory, and body as a
whole systems, each with an incidence of approximately 8%. The most common
adverse events were nausea, diarrhea, headache, insomnia, and dizziness. Twenty-
six subjects reported adverse events that were considered marked in severity,
including marked dyspnea in three subjects, and marked nausea, headache,
supraventricular tachycardia, cardiac arrest, and myocardial infarction in two
subjects each. Fourteen (5.3%) subjects had adverse events considered by the

investigator to be drug-related, i.e., probably or definitely related to the
study drug. Only one subject had a marked, drug-related adverse event (nausea) .
Drug-related adverse events reported by 21.0% of subjects were diarrhea (1.5%)
and nausea (1.1%). Nine subjects discontinued levofloxacin therapy due to adverse
events, including three subjects with rash, two with respiratory depression/
insufficiency, and one each with hepatic function abnormalities, nausea, cardiac
arrest, and tinnitus. Twenty-two subjects reported serious or potentially serious
adverse events, mostly respiratory or cardiovascular events, and seven of these

subjects died during or shortly after the study. All seven subjects who died had.
conditions or illnesses that have been associated with increased mortality from
pneumonia. 1411 of the serious or potentially serious adverse events were
considered unrelated, remotely related, or possibly related to levofloxacin
treatment except for one event for which the relationship to study drug was
unknown; these events were most likely related to the subject’s underlying -
condition. Clinically significant treatment-emergent changes in clinical
laboratory tests,.physical examinations, and vital signs occurred infrequently.

14.3. Treatment-Emergent Adverse Events

14.3.1.. Summary of All Adverse Events
One hundred twenty-five (47.5%) of 263 safety-evaluable subjects reported
at least one treatment-emergent adverse event, including events considered
by the investigator as related or unrelated to study drug. Body systems
with the highest reported frequency of adverse events were the
gastrointestinal system (22.1% incidence), followed by the central and
peripheral nervous system, the respiratory system, and the body as a
whole, each with an incidence of approximately 8%. These results are
summarized in Table 14.3.1.A, on the following page.

—

—
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Table 14.3.1.A
Incidenco of Advemo Bvent8 Summarized by Body Sy8tem:

Subj@cts Bvaluable for Safety (Protocol M92-075) —

LmXiaaeh04=263
Bow Bystml N %

(hstrolrtesbn?d System Dlarscws 58 (221) .-

Cmtral&Per@twralhkwws BydamDisordwa
R~irz40ry Syetwn Diaudars
Body as aVY?rd&-Qenatal Disorders
Psychiatric DisurcWs
SidnandAppendagesCnscsdars
HaartRataandRhyttsnDisorders
ResistameMechankrnDlswdws
MuscW@raiatai System Disorders
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The most fre~ently reported adverse events were nausea (10.3%), diarrhea
(6.5%), headache (4.2%), insomnia (3.4%), and dizziness (3.o%) . In
general, the overall incidence of adverse events among subjects who took
concomitant anticoagulant, antidiabetic, bronchodilator, or central
nervous system-acting therapies as well as for subjects who took NSAIDS or
vitamins or other nutritional supplements was comparable to that for all
subjects evaluable for safety. A higher incidence of all gastrointestinal
adverse events (46.5%), including nausea (23.3%) , with a corresponding
increase in the overall frequency of adverse events, was noted for
subjects who received concomitant antacid therapy. These subjects also had
a higher incidence of psychiatric disorders (14.0%), including insomuia
(7.0%), and body as a whole adverse events (18.6%), including back pain
(4.7%) . Other body systems and primary terms with higher incidence of
adverse events reported by subjects taking various classes of concomitant
medications include: psychiatric disorders (1S.8%), including insomnia

(18.8%), gastrointestinal system disorders (31.3%), including dyspepsia
(12.5%) and nausea (12.5%), in subjects who took anticoagulants;
gastrointestinal system disorders (33.3%), including diarrhea (20.0%), in

—



389

subjects
subjects
below.

who took antidiabetic medications; and headache (15.ot) in
who took NSAIDS. These results are summarized in Table 14.3.l;B,

Table 14.3.1.B
Incidence of Frequently Reported Adver8e Events (22%) .-

Suuuaarizedby Primary Term:
Subjects Bvaluable for Safety (Study M92-075)
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04=263

BodySYSeniPrimerj Term No. “ - (%)
All B- System 125 47.5
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4.2
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The majority of adverse events were assessed as mild or moderate in
severity. Twenty-six subjects reported one or more adverse events of
marked severity, including marked dyspnea in three subjects, and marked
nausea, headache, supraventricular tachycardia, cardiac arrest, and
myocardial infarction in two subjects each. No other events of marked
severity occurred in more than one subject, and only one (nausea, Subject
1018) was considered by the investigator as having a probable relationship .
to the study drug. Sixteen subjects, including three who discontinued
levofloxacin therapy because of adverse events, had marked adverse events
that were considered serious potentially serious. Fourteen (5.3%)
subjects had adverse events considered by the investigator to be drug-
related, i.e., probably or definitely related to the study. fig. Drug-
related adverse events reported by 21.0% of subjects were diarrhea (1.5%)
and nausea (1.1%). In general, the nature and frequency of adverse events
was comparable between men and women. However, the overall incidence of
adverse events was greater among men (52.4%) than among women (41.5%) due
primarily to a greater incidence of psychiatric, respiratory, and body as
a whole adverse events among men (10.3%, 11.0*, and 11.0%, respectively)

than among women (2.5*, 4.2%, and 4.2%). In contrast, adverse events in
the central and peripheral nervous system (particularly dizziness and
headache) were more commonly reported by women (11.0%) than by men (6.2%).
The significance of these findings as it relates to levofloxacin treatment
is unclear, however, since adverse events in these three body systems
generally were not considered by the investigators to be drug-related.
Adverse events in the gastrointestinal body system were similar between
men and women. The incidence of adverse events was relatively low in the
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other body systems. There was no consistent pattern of age-related
differences in the adverse event profile with levofloxacin treatment.
Adverse events were more cormnonlyreported among the 218 Caucasiam (50.9%
overall incidence) than among the 40 Blacks (30.0%), but the significance
of this finding is unclear given the relatively small number of Blacks in
this study population; the difference between Caucasians and Blacks was
most evident for gastrointestinal system adverse events (incidence of
24.8% and 7.5%, respectively).

Table 14.3.1.C
Subjects with Adverse Events of Marked Severity:
Subjects Evaluable for Safety (Study M92-075)
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14.4. Discontinuations Due to Adverse Events
Nine subjects discontinued levofloxacin therapy due to adverse events, including
three subjects with rash, two with respiratory depression/insufficien~ and one
each with hepatic function abnormalities, nausea, cardiac arrest, and tinnitus.
The treatment-limiting adverse events were considered serious or potentially
serious in three subjects (subject ~ respiratory depression, subject 1607-
respiratory insufficiency, subject 2415-cardiac arrest), who died as a result of
these adverse events after study therapy was discontinued. Four other subjects

died during the study.

Subjects
Table 14.4

who Discontinued due to Adverse Bvents:
Subjects Evaluable for Safety (Study M92-075)

~ed A&srscEwr# Dayof - FW*arsHp &*Onff
Nunbsf Ags Ssn [%myT.m) CkUe?swsrlly ToStudjOr@ ThwqlDsysl

Lwoflw-n
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14.5. Serious or Potentially Serious Adverse Events,

Including Death
Twenty-two subjects reported a serious or potentially serious adverse event,
including seven subjects who died during or up to approximately one month after
completing levofloxacin therapy. These results are summarized in Table 14.5, on
the following page. The serious or potentially serious adverse events for three
of these subjects and some of the serious adverse events
for six subjects were not included as
serious adverse events in the individual study report database but do appear on
the RWJPRI serious adverse event reporting database; two of these subjects

reported the adverse event after the poststudy contact or visit. Most
of the serious or potentially serious adverse events were respiratory or
cardiovascular events. Three of the 22 subjects with serious or potentially
serious adverse events withdrew from the study because of these adverse events.
lill serious or potentially serious adverse events were consi-dered by the

investigator to be unrelated, remotely related, or possibly related to the study
drug (one event was of unknown relationship to study drug), a—d, in most cases,
the adverse events appeared to be related to the subject’s underlying condition.
ml seven subjects who died had conditions or illnesses that have been associated

—
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with increased mortality from pneumonia: One subject had severe pneumonia, the
other six subjects had various comorbid conditions (e.g., chronic obstructive
pulmonary disease, cardiovascular disease, renal failure, diabetes mel.litus,age
greater than 60 years), end six of these seven subjects required hospitalization
for treatment of pneumonia.

.-

Table 14.5
Subjects with Serious Adverse Events:

Subjects Svaluable for Safety (Study %92-075).-.--,..------
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14.6. Dosage Reductions and Concomitant Therapies
Nine subjects had levofloxacin therapy stopped due to adverse events, three of
which were considered serious. An additional 19 subjects reported ~rious or
potentially serious adverse events. Several of the treatment-limiting or serious
or potentially serious adverse events required treatment with concomitant
therapies, as described in the individual narrative descriptions. ~ of the
subjects required a dosage reduction.

Table 14.6

Subjectaiwho Required Concomitant Therapy for Adverse Events:
Subjects Bvaluable for Safety (studyM92-075)

Subject Day of
Number Me Sex Adveraefient Onset’ Severity Concom~antTherapy

29 F Moniiasis Genital 12 Moderate Clotrimazole

6a F Nausea 13 Mid Metocbpramtie

55 F stomattis 2 Mid Nyatatin

‘Inciudeseventsmnsidered bytheirrve~gatorto be probablyordetinitely relatedto
studydrug,exmpt forthoseresulting in study drug discontinuation orconsidered serious
orpotentially serious as diswssd infections lV.L3.b. and W.l.3.c.

bRelativetoslartoftherapy (DayI).

14.7. Clinical Laboratory Tests

14.7.1. Overall Changes
There were no clinically significant mean changes from admission for any
laboratory analyte. No summaries were provided for basophils, monocytes,
bicarbonate, or urinalysis parameters. The means and mean changes from
admission baseline to posttherapy for chemistry and hematology laboratory
analytes are summarized in Table 14.7.1, on the following page.

—
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Table 14.7.1
Means and Mean Changea From Admi8aion to Pomttherapy for Laboratory

AU Subjects Evaluable for Safety with Data Available

at klmission and Posttherapy (Protocol 3292-075)
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14.7.2. Marked Abnormalities in Laboratory Values
The laboratory values were classified as markedly abnormal

. .

a~rding to
standard criteria developed by RWJPRI, which take into account absolute
values as well as percentage or absolute value changes from admission. The
incidence of markedly abnormal test results for individual ana3ytes was
low (s5.3%). Abnormalities in SGPT, SGOT, glucose (both increases and
decreases), and lymphocyte count were the most common markedly abnormal
laboratory test results. Fifteen subjects had markedly abnormal liver
function tests (elevations in SGOT, SGPT, alkaline phosphatase, or LDH) .
Although 13 subjects had hypoglycemia, 10 subjects had hypoglycemia that
was classified as mild (serum glucose values of 60 mg/~ or higher) . Eight
subjects had hyperglycemia, which was mild (serum glucose levels less than
220 mg/dL) for three of these subjects. A total of seven subjects had
lymphopenia, which was the only markedly abnormal laboratory finding and
was classified as mild (lymphocyte counts > 0.45 x 103/pL) for four of
these subjects. As further described below, some abnormalities were
related to the underlying disease state of the subject or to concomitant
therapy.

Table 14.7.2.A
Incidence of Treatment-Emergent Markedly Abnormal Laboratory Values:
Levofloxacin-treated Subjects Evaluable for Safety (Study M92-075)
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Tab10 14.7.3.B
Subj.cts with Tr.atmeat-mmrgeat Markedly ~onoal Laboratory Values: -

Levofloxacin-troatod Subjects Bvalueble for Safety (Study M92-XtLS)
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Table 14.7.3.B. (cont.)
Subjects with Treatment -Bmergent Markedly Abnozmal Laboratory Value8:

Levofloxacin- treated Subjecta Bvaluable for Safety (Study 2492-075)
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Tahla 14.7.3 .B.(cent.)
Subjects with Treatmant-Bmergent Markedly AMomal Laboratory Values: -
Levofloxacin-treated Subjects Bvaluahle for Safety (Study M92-~5)
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Table 14.7.3.B. (cont.)
Suhjects with Trea-nt -Emergent Markedly Abnormal Laboratory Values:

Levofloxacin-treated subjects Bvaluable for Safety (Study 202-075)
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14.7.4. Physical Examinations and Vital SignS
There were no clinically significant changes from admission to posttherapy. In
general, the observed mean changes in vital signs were consistent. xith the
resolution or improvement in the signs and symptoms of pneumonia. clinically
significant treatment-emergent hypotension was observed in one subject ~, who
discontinued from the study because of marked respiratory depression and
subsequently died. No other subjects had clinically significant treatment-
emergent vital signs changes, and there were no clinically significant treatment-
emergent physical examination abnormalities.

Table 14.7.4.
Summary of Changes in Vital Signs From Admission to Posttherapy:

Subjects Bvaluable for Safety (Study 2492-075)

Lewloxech

A&llidm Podtheq Ch~e

Wid S@n N’ Meen m) Meen m) Meen (=)

OrdTempwatie(T) 245 99.7 (1.81) 98.1 (1D8) -1.6 (X31)

RespirdoryRete(breeths#nin) 244 22.4 (534) 19 (327) -3.3 (8J35)

PubeR*e(beds#n h) 253 95.8 (19.30) 83.1 (14.15) -12.7 (18.82)
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15. Medical Officer’s Conclusions from Study M92-075:

15.1. Clinical and Microbiologic Efficacy
15.1.1. Protocol M92-075 was an uncontrolled study evaluating the clinical and

microbiologic efficacy of levofloxacin in the treatment of community-
acquired pneumonia due to typical and atypical pathogens.

15.1.2. Protocol 2492-075has significant flaws in the protocol design including:
15.1.2.1. The window for clinical evaluation at the End-of-therapy was

inappropriate. In this protocol, the window for EOT evaluation was
changed to span from post-therapy day I-10. This is not in keeping
with either (1) the IDSA guidelines, which recommend follow-up on
posttherapy day 5-7 or (2) DAIDP consultants, which recommend that
follow-up evaluations for this indication be conducted no earlier
than day 7 posttherapy.

15.1.2.2. Post-study clinical evaluation, was conducted at 21-28 days
post-therapy and was within an appropriate time frame for late
follow-up, but was not conducted on all patients. Patients without
clinical synptoms at the posttherapy evaluation and without X-ray
evidence of pneumonia at the posttherapy evaluation were not brought
back for late follow-up. This results in the introduction of bias
into the cohort evaluated at the late follow-up. —

—
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15.1.3. Protocol M92-075 has significant flaws in the protocol implementation
including: —

15.1.3.1. Omission of Culture of persistent pulmonary secretions at the
follow-up visits (both EOT =d EOS), with overuse of the designation
of “presumed eradication” in cases where documentation of
microbiologic outcome was possible.

15.1.3.2. Changes in drug dosage and duration were made during the course
of the study

15.1.3.3. Provisions for addition of doxycycline antimicrobial coverage
for atypical pneumonia, as an alternative to erythromycin, was added
to the cephalosporin-treatment arm during the course of the study.

15.1.3.4. Changes in the days of the post-therapy follow-up evaluation
were made during the course of the study

15.1.4. Clinical Outcome
In protocol M92-075, the clinical cure rate in FDA evaluable patients with

a diagnosis of community-acquired pneumonia was 52% (105/203) . The
clinical success rate in FDA evaluable patients with a diagnosis of
community-acquired pneumonia was 93% (188/203). In protocol M92-075, the
overall success rate (clinically cured or improved plus microbiologically
eradicated) in FDA evaluable patients with a diagnosis of community-
acquired pneumonia was 94% (151/161).

For comparison, in protocol K90-071, the clinical cure rate in FDA
evaluable patients wieh a diagnosis of community-acquired pneumonia was
62% (129/207) for levofloxacin-treated patients, and the clinical success

(cured or improved) rate was 95% (197/207) for levofloxacin-treated

patients. The overall success rate (clinically cured or -roved plus
microbiologically eradicated) in FDA evaluable patients with a diagnosis
of community-acquired pneumonia was 96% (113/118) for levofloxacin-treated
patients.

Thus , although the clinical cure rate for levofloxacin-treated patients
was higher in Protocol M90-071, the clinical success rates and overall
success rates of M92-075 were comparable to K90-071 and support the
efficacy of levofloxacin in the treatment of comnunity acquired pneumonia.

..
-.
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15.1.5. Microbiologic Outcome and Clinical Outcome by Pathogen ‘-
15.1.5.1. Bacterial Patbcgenn
15.1.5.1.1. Haemophilua influeaxae

The total number of Amolateas of ~emophilus influenza was 29, of which
28 were microbiologically evaluable. The clinical cure rate forpatients
with Haemophilus influenza in Ievofloxacin-treated patients was 59%

(17/29), and the clinical succosa rate was 90% (26/29). The ●radication
rate of Haemophilus influenza was 96% (27/28) . Z!he overall success rate

for patients with Haemophilus iaflueasae in levofloxacin-treated patients

was 96%. Thus, the total number of isolates is adequate, and the absolute
eradication rate supports the inclusion of this organism in the labeling.

15.1.5.1.2. ifaemopbilus parainflueazae

The total xuunber of imolates of Haemophilus parainfluenzae was 11, of
which 10 were microbiologically evaluable. The clinical cure rate for

patients with Haemophilus Psrainfluenzae in levofloxacin-treated patients
was 45% (5/11), and the clinical success rate was 91% (10/11). The
eradication rate of Haemophilus parainfluenzae was 90% (9/10). Thus, the

total nuniber of isolates is adequate, and the absolute rate supports the

inclusion of this organism in the labeling.

15.1.5.1.3. Streptococcus pneumonia

The total number of ieolates of Streptococcus pneumonia patients was 49,
of which 48 were microbiologically evaluable. The clinical cure rate for

patients with Streptococcus pneumonia was 31% (15/49), and the clinical
success rate was 92% (45/49). The eradication rate of Streptococcus
pneumonia was 94% (45/48). Thus , the total number of isolates is

adequate, and the absolute and relative eradication rates all support the
inclusion of this organism in the labeling.

15.1.5.1.4. Xlebsiella pneumoaiae

The total number of ieolates of Klebsiella pneumonia was 5, all of which
were microbiologically evaluable. The clinical cure rate for patients with
Klebsiella pneumonia was 80% (4/5), and the clinical success rate was
100% (5/5). The eradication rate of tiebsiella pneumonia was 100* (5/5).
Thus, the total number of isolates is inadequate, although the absolute
eradication rate would support the inclusion of this organism in the
labeling.

15.1.5.1.5. Moraxella catarrhalis

The total number of isolates of MoraxeZla catarrhalis was 11, all of which
were microbiologically evaluable. The clinical cure rate for patients
with lforaxel~a catarrhdis was 82% (9/11). The clinical success rate for
patients with Moraxe21a catarrhalis was 91% (10/11). The eradication rate
of Moraxella catarrhdis was 100% (11/11). Thus, the total number of

—
..

2 AU isolatesare reportedas (1) total number of fiolatesobtained on admissionculture
and (2) the number of these that were m.lcrobiologicallyevaluable.Clinical responses were
calculated on the basis of total number of isolates on admiseion culture, and ●radication rates
were calculated on the number of microbiologically evaluable isolates.

—
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isolates is adequate, and the absolute eradication rate would support the
inclusion of this organism in the labeling.

15.1.5.1.6. Staphylococcus aureua
The total number of isolates of Staphylococas aureus was 11, of which 10

were microbiologically evaluable. The clinical cure rate for-patients
with Staphylococcus aureus was 64% (7/11) . The clinical success rate for
patients with Staphylococcus aureus was 73% (8/11). The eradication rate
of Staphylococcus aureus was 82%. Thus, the total number of isolates is
adequate, aand the absolute eradication rate would support the inclusion
of this organism in the labeling.

15.1.5.2. Atypical Pathogens
15.1.5.2.1. Legionella pneumonia

The total number of microbiologically evaluable patients with Legionella
pneumonia as an admission pathogen was 4. Although the Medical Officer’s
Evaluability Criteria, Section 11.2.2, allowed for both culture and
serologic methods in the diagnosis of Legionella pneumophilia infection,
the microbiologically evaluable patient cohort was composed entirely of
cases diagnosed by serologic methods. There were no cases defined by
isolation of the organism from culture of respiratory secretions. The
clinical cure rate for patients with Legionella pneumonia was 25% (1/4) .

The clinical success rate for patients with Legionella pneumonia was 50%

(2/4). The eradication rate of LegionelZa pne~oniae was 75% (3/4). Thus,

the total number of isolates is inadequate, although the absolute
eradication rate in would support the inclusion of this organism in the
labeling by a narrow margin.

15.1.5.2.2. Chlen@ia paeumoaiae
The total number of microbiologically evaluable patients with C!hlamydia

pneumonia as an admission pathogen was 103. Although the Medical
Officer’s Evaluability Criteria, Section 11.2.2, allowed for both culture .
and serologic methods in the diagnosis of C!hlemydia pneumonia infection,
the microbiologically evaluable patient cohort was composed entirely of
cases dia@osed by serologic methods. There were no cases defined by
isolation of the organism from culture of respiratory secretions. The
clinical cure rate for patients with Chlamydia pneumonia was 51%
(53/103). The clinical success rate for patients was 95% (98/103). The
eradication rate of ChLxnydia pneumonia Was 95% (98/103). Thus, the
total number of isolates is adequate, and the absolute eradication rate
would support the inclusion of this organism in the labeling.

15.1.5.2.3. ~oplasma pneumonia
The total number of microbiologically evaluable patients with Mycoplasma

pneumonia as an admission pathogen was 6. Although the Medical Officer’s
Evaluability Criteria, Section 11.2.2, allowed for both. culture and
serologic methods in the diagnosis of Bfycoplasmspneumonia &nfection, the

microbiologically evaluable patient cohort was composed entirely Of cases
diagnosed by serologic methods. There were no cases defined by isolation
of the organism from culture of respiratory secretions. The clinical cure
rate for patients with Mycoplasma pneumonia was 50% (3/6) . The clinical
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Imvofloxacin Ceftriexone/ 95% Confidence
500 mg.Qn cefuroxime Intewals

Pathogen (K90-071)

W* Cure w Cure

U!ut ne DathoaenSi
Haemophilus influenza 56 39 (64) 24 10 (42) (-61, -19)
Haemophilus parainfluenzae 20 10 (50) 20 7 (35) (-45, 15)
Klebsiella pneumonia 6 5 (83) 7 2 (29) -----
Moraxella catarrhalis 18 13 (72) 6 4 (67) -—---

Staphylococcus aureus 18 14 (78) 7 6 (86) -----

Streptococcus pneumonia 63 32 (51) 34 22 (65) (-6, 34)

9the r DathoaW
Chlamydia pneumonia 162 89 (55) 91 44 (48) (-20, 6)

Legionella pneumophilia 7 5 (57) 2 0 (o) -----

Ifycoplasmapneumonia 27 15 (56) 20 12 (60) (-24, 32)
. .. . . . . . . . . .. ..v=mmoeror su]eccs wno naa Cnacpathogenaloneor In combinationwithotherpathogens.N@

shown in ParenthesesarePercentagesforthatcateaorv.
?rs

. .
●*T~o-sided confidence interval for the difference (ceftriaxone/cefuroxime minus levofloxacin) in

eradication rate for organisms with z1O isolates per treatment arm.

16.1.5. Clinical Success Rate by Pathogen
Table 16.1.5 summarizes the clinical success rate (defined as the combined
percentage of patients who were clinically cured or improved at the posttherapy

clinical evaluation) by pathogen for the pathogens requested by the sponsor in
the proposed package insert. The absolute clinical success rate for
levofloxacin ranges from %. The accuracy of the estimate for clinical
success rate in the treatment of Legionella pneumophilia is limited the small
number of isolates. The estimate of the clinical success rate for Klebsiella
pneumonia is also limited by the small number of isolates. Thusr when
restricted to pathogens with ten or more cases per treatment arm, the clinical

success rate for levofloxacin ranges from %. In addition, the 95%
confidence intervals around the difference in clinical success rates (competitor
minus levofloxacin) all overlap zero or lie within the negative range, indicating
that levofloxacin is statistically equivalent to the comparative treatment
regimen of ceftriaxone/cefuroxime in the treatment of the major pathogens of
community-acquired pneumonia when assessed by post-therapy clinical success rate.
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success rate for patients with Mycoplaama pneumonia was 100* (6/6) . The
eradication rate of Mycoplasma pneumonia was 100% (6/6). Thus, the total
number of isolates is inadequate, although the absolute and-relative
eradication rates in would support the inclusion of this organism in the
labeling.

.-

..
—
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16. Combined Analysis of Protocols 90-071 and 92-075:
A combined analysis was made of the two pivotal studies (Protocols K90-071 ~d
M92-075) submitted to support the aPPrOval of levofloxacin for the t~tment of
community-acquired pneumonia. ‘llrLssection contains summary tables and concise
discussion of this analysis. Section 16.1 discusses the analysis of clinical
efficacy results for this indication. Section 16.2 discusses the micrC$biologic
efficacy results for this indication, including a summaxy by individual pathogen
for those microorganisms requested by the sponsor in the proposed product

labeling.

16.1. Clinical Efficacy:
16.1.1 Clinical Cure Rate
Protocol K90-071 demonstrated

by Protocol
a clinical cure rate for levofloxacin of 62%

(129/207) and for ceftriaxone/cefuroxime of 46% (105/226). The 95% confidence
interval around the difference in cure rates in the two treatment arms of
Protocol K90-071 was ~zs,zO,(-25, -7) ,s{,~z~,indicating superiority of levofloxacin
in the treatment of community-acquired pneumonia. Protocol M92-075 demonstrated
a clinical cure rate of levofloxacin was 52% (105/203) in the treatment of
community-acquired pneumonia, which was slightly lower than that in the
levofloxacin arm of Protocol K90-071.

A combined analysis of the clinical response for protocols K90-017 and M92-075
is summarized in the Tables 16.1.A and 16.1.B, below. The overall clinical cure

rate for levofloxacin-QD-treated patients was 57% (234/410) and that for the

ceftriaxone/cefuroxime-treated patients was 46% (105/226). The 95% confidence
interval around the difference in cure rates was ZZG,410(-19,-3 )46*,ST*,indicating
that levofloxacin was statistically superior to competitor in the treatment of
community-acquired pneumonia.

Table 16.1.1.A

community-acquired Pneumonia
Clinical Response Rate by Protocol:

FDA Clinically Evaluable Subjects (Protocols X90-071 and M92-075)

Levcfloxacin500 q QD Ceftriaxonel
Cafuroxinle (K90-071)

Protocol
N’ Cure Improve Fail N cure Improve Fail

K90-071 207 129 (62) 68 (33) 10 (5) 226 105 (46) 82 (36) 39 (17)

M92-075 203 105 (52) 83 (41) 15 (7) --- --- -- -- -- -- -.

Total 410 234 (57) 151 (37) 25 (6) 226 105 (46) 82 (36) 39 (17)

●N=Number of patients for that category. Numbers shown in parentheses are percentages for that
category.

*
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Table 16.1.1.B
ozamunity-acquirad Pneumoniac

Clinical Cure Rates and Confidence Intervals ti Protocol:—.—
FDA Clinically ~aluable Subjects (Protocols lC90-0~1 and M92-075)

Levofloxacin Ceftrie220ne/cefurtie
500 mg QD (K90-071) 95% Conridencsl

Protocol
I I Intenral**

r Cure N Cure

K90-071 II207 129 (62) II 226 105 (46)

I

(-25, -7)
M92-075 203 105 (52) --- ---- -- -----

Total (-19, -3)

●N=Number of patients for that category.Numbers shown in parentheses are percentages for that
category.

Wewo.sided confiden~ inte~al for the tiffere22Ce(COMp@itOrUdIIUS leVOflOXaCin) in CliniCa]

success rate.

16.1.2. Clinical Success Rate by Protocol
Protocol K90-071 demonstrated a clinical success rate (definedas the combined
percentage of patients who were clinically cured or improved at the posttherapy
clinical evaluation) for levofloxacin of 95% (197/207) and for
ceftriaxone/cefuroxime of 83% (193/226). The 95% confidence interval around the
difference in clinical success rates in the two treatment arms of Protocol K90-
071 was 226.25, (-18*6, -6.2) gs~,OJ~,indicating superiority of levofloxacin in the
treatment of community-acquired pneumonia. Protocol M92-075 demonstrated a
clinical success rate of levofloxacin was 93% (188/203) in the treatment of
community-acquired pneumonia, which was comparable to that seen in the
levofloxacin arm of Protocol K90-071.

A combined analysis of the clinical success rates for protocols K90-017 and M92-
075 is summarized in the Table 16.1.C, on the following page. The overall
clinical success rate for levofloxacin-QD-treated patients was 94% (385/410) and
that for the ceftriaxone/cefuroxime-treated patients was 83% (187/226). The 95%
confidence intend around the difference in cure rates was ~,,,,10(-16, -6)a3t, ~,t,
indicating that levofloxacln was statistically superior to competitor in the
treatment of community-acquired pneumonia.

—
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Tahlo 16.1.2
commmnity-acquired Pneumonia —

-Clinical Success Rates and Confidence Xntervals By Study Center:
FDA Clinically Bvaluable Subjects (Protocols K90-071 and M92-075)

Levofloxacin Caftziuone/oefuroxime
.-

500 mg QD (K90-071) 95% Confidence
Protocol Inteml***

N* SUCCOSE** N Succe8s

K90-071 207 197 (95) 226 187 (83) (-19, -6)
M92-075 203 188 (93) --- --- -. -----

Total 410 385 (94) 226 187 (83) (-16, -6)

●N=Number of patients for that category. Numbers in parentheses are percentages for that category.
●*Clinical success is defined as either clinical cure or clinical improvement.
+**~0-sided confidence intenral for the difference (competitor minus levofkxcacin) in CliniCal

success rate.

16.1.3. Overall Success Rate by Protocol

Protocol K90-071 demonstrated an overall success rate (defined as the combined
percentage of patients who were clinically cured or improved at the posttherapy
clinical evaluation PLUS had eradication of their admission pathogen) for
levofloxacin of 96% (113/118) and for ceftriaxone/cefuroxime of 80% (122/152).
The 95% confidence intezval around the difference in overall success rates in the
two treatment arms of Protocol K90-071 was ~~z,ll~(-23.5,-7.4)eOt,~c.,indicating
superiority of levofloxacin in the treatment of community-acquired pneumonia.
Protocol M92-075 demonstrated an overall success rate of levofloxacin was 94%

(151/161) in the treatment of community-acquired pneumonia, which was comparable
to that seen in the levofloxacin arm of Protocol K90-071.

A combined analysis of the overall success rates for protocols K90-017 and M92-
075 is summarized in the Table 16.1.D, below. The overall clinical cure rate for -
levofloxacin-QD-treated patients was 95% (264/279) and that for the
ceftriaxone/cefuroxime-treated patients was 80% (122/152). The 95% confidence
interval around the difference in overall success rates was ~ac,,10(-22,-8) .O~,,5,,
indicating that levofloxacin was statistically superior to competitor.

—
..

—
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Table 16.1.D -.

Community-acquired Pnmmonia
&arall Success Rates by Protocol:

FDA Clinically and Microbiologically Evaluable Subjects
(Protocols X90-071 and M92-075) .-

Levofloxacin Ceftria2tone/
cefuroxime (K90-071)

Protocol 95% Conf&dence
Overall Overall

N*
Intewal** ●

success** N Success

K90-071 118 113 (96) 152 122 (80) (-24, -7)
M92-075 161 151 (94) --- --- --- ----

Total 279 264 (95) 152 122 (s0) (-22, -8)

●N=Numberof patientsfor thatcategory.Numbersin parenthesesarepercentagesfor thatcategory.
•*~emll successis definedas clinicalcurecm improvementwithmicrobiologiceradication.
•+~~.sided confidenceintervalforthe difference(Ceftri~One/eef~r~~i~emin~slevoflo~acin) in

overall success rate.

16.1.4. Clinical Cure Rate by Pathogen
Tables 16.1.4.A and 16.1.4.B summarize the clinical response by pathogen for the
pathogens requested by the sponsor in the proposed package insert. The absolute
clinical cure rate for levofloxacin ranges from 50-83%, which would appear
suboptimal to support the use of levofloxacin for the treatment of community-
acquired pneumonia. However, the 95% confidence intervals around the difference
in cure rates (competitor minus levofloxacin) all overlap zero or lie within the
negative range, indicating that levofloxacin is at least statistically equivalent
to the comparative treatment regimen of ceftriaxone/cefuroxime in the treatment
of the major pathogens of community-acquired pneumonia when assessed by post-
therapy clinical cure rate. -

Table 16.I.4.A
Clinical Response by Pathogen:

FDA Clinically Evalueble Subjects (Protocols IC90-071 and M92-075)

Levofloxscin 500 w QD Ceftriaxone/
cefuroxime (%90-071)

Pat.bopsn
N* Cure ~rove Fail s= Curs ~rwm PaLl

F

Saemophilusinfluenza 56 39 (64) 14 (25) 3 (5) 24 10 (42) .5 (21) 9 (38)
Seemophiluspsrainfluenzae 20 10 (50) 9 (45) 1 (5) 20 7 (35) 6 (30) 7 (35)
K.lebsiellapneumonia 6 5 (83) 1 (17) o (o) 7 2 (29) o (o) 5 (71)
Morsxella catarrhalis 18 13 (72) 3 17) 2 (11) 6 4 (67) 1 (17) 1 (17)
Staphylococcus aureus 18 14 (78) 1 (6) 3 (17) 7 6 (86) 1 (14) o (o)
Streptococcus pneumonia 63 32 (51) 28 (44) 3 (s) 43 22 (65) 7 (21) 5 (15)

Ch3amydia pneumonia 162 89 (55) 66 (41) 7 (4) 91 44 (48i 34 (37)
Lsgionella pneumophilia 7 4 (57) 1

13 {14)
(14) 2 (29) 2 0 (03 o (o) 2 (100)

Hycoplasmspneumonia 27 15 (56) 11 (41) 1 (4) 20 12 (60) 7 --(35) 1 (5)
-......—L—— —x —..LJ--&—..L—L—> ..L-. ,–.– ..——..–. .. .. . .--N=rnmmer ox suqeccs wno naa =nac pacnogen aLOne or an comrunauon wlcn ocner patnogens. Numoers

shown in parentheses are percentages for that category.
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Table 16.1.4.B
Clinical Cure Ratas and Confidence Intenrala by Pathogen:

FDA Clinically Bvaluahle Subjects (ProtocolsK90-071 and M92-W5)

Faehogan

Haemophilua influenza
Haemophilus parainfluenzae
lUebsiella pneumonia
Morexella catarrhalis
Staphylococcus aureus
Streptococcus pneumonia

Levofloxecin
500 ag QD

56
20
6
18
18
63

162
7

27

[thogen

Cure

39 (64)
10 (50)
5 (83)
13 (72)
14 (78)
32 (51)

89 (55)
4 (57)
15 (56)

,loneor in

Ceftrie.xone/
cafuzoXbe
(K90-071)

!F

24
20
7
6
7

34

91
2
20

TzEiG

Cure

10 (42)
7 (35)
2 (29)
4 (67)
6 (86)
22 (6S)

Chlemydia pneumonia
Legionella pneumophilia
Hycoplasma pneumonia

N.Number of subjects who had that I pathogens. Numbers
shown in parentheses are percentage for thet category.

•~’rwo.sidedconfidence inte~al for the difference (ceftri~one/cef~r~~i~e ~in~s levoflo~acin) in

44 (48)
o (o)
12 (60)

I with othe

95% Confidence
Xntm-ale

.-

(-61, -19)
(-45, 15)
-----
-----
-----

(-6, 34)

eradication rate for organisms with 210 isolates per treatment arm.

(-20, 6)
-----

(-24, 32)

16.1.5. Clinical Success Rate by Pathogen
Table 16.1.5 summarizes the clinical success rate (defined as the combined

percentage of patients who were clinically cured or improved at the posttherapy
clinical evaluation) by pathogen for the pathogens requested by the sponsor in
the proposed package insert. The absolute clinical success rate for
levofloxacin ranges from 71-100%. The accuracy of the estimate for clinical
success rate in the treatment of Legionelh pneumophilia is limited the small
number of isolates. The estimate of the clinical success rate for IUebsiella

pneumonia is also limited by the small number of isolates. Thus, when
restricted to pathogens with ten or more cases per treatment arm, the clinical
success rate for? levofloxacin ranges from 83-96%. In addition, the 95%
confidence intervals around the difference in clinical success rates (competitor
minus levofloxacin) all overlap zero or lie within the negative range, indicating
that levofloxacin is statistically equivalent to the comparative treatment
regimen of ceftriaxone/cefuroxime in the treatment of the major pathogens of
community-acquired pneumonia when assessed by post-therapy clinical success rate.

—

--

—
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Table 16.1.5
Community-acquiredPnmnnonia

Clinical SuccmJs Rat86iby Pathogan:
FDA Clinically Bvaluable Subjects (ProtocolsK90-071 and M92-075)—.

Levcflcxacin C*ftriswne/
500q QD cefuroxime .-

Pathcgen (K90-071) 95* Confidanca
Interval***

W clinical 1?= clinical
6uccee8** Succen8

Haamophilus influenza 56 53 (95) 24 15 (62)
IJaemophilusparainfluenzae 20 19 (95)

(-57, -19)
20 13 (65) (-53, -7)

Klebsiella pneuumniae 6 6 (100) 7 2 (29)
Fforaxellacatarrhalis

---

18 16 (89) 6 5 (83)
Staphylococcus aureus

---

18 15 (83) 7 7 (loo)
Streptococcus pneumonia

---

63 60 (95) 34 29 (85) (-23, 3)

Chlamydia pneustoniae 162 155 (96) 91 78 (86) (-18, -2)
Legionella pneumophilia 7 5 (71) 2 0 (0)
P&coplasma pneucwniae

---

27 26 (96) 20 19 (95) (-13, 13)
A..—.–—L–. = —..-.—-— L— L.. -. . .. . .,., ... .. . .—

3-N=num9er ox suqects wno naa mm pacncgen a~one or n comolnaclon wxcn otner patnogens. Numbex
shown in parentheses are percentages for that category.

•*Clini~l success is defined as clinical cure or improvement
•e+l’wo-~idedconfidence intewal for the difference (ceftri~one/cef~r~fime minus le~oflo~acin) in

clinical succees rate.

16.2. Microbiologic outcome of FDA clinically and microbiologically
evaluable patient cohort
A combined analysis of protocols K90-071 and M92-075 is summarized in the
following sections. Sections 6.2.1 and 16.2.2 contain an overall analysis, and
Sections 16.2.3 and 16.2.4 contain an analysis by individual pathogan for routine
bacterial pathogens and atypical pathogens, respectively.

—

..
—.
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16.2.1. Microbiologic eradication rates by pathogen
Summary tables for the combined microbiologic efficacy results from=rotocols
K90-071 and M92-075 are provided. Table 16.2.1 summarizes the microbiologic
eradication rates by pathogen and pathogen category for the pathogens requested
by the sponsor in the proposed package insert. With the exceptions of ~ionella
pneumophilia and IUebsiella pneumonia, each microorganism was isolates with a

sufficient number of microbiologically evaluable cases to support the inclusion
of that organism in the labeling.

Table 16.2.1.
Community-acquiredPneumonia

Eradication Rates by Pathogen Category and Pathogen:
FDA Clinically and Microbiologically Bvaluable Subjects

(ProtocolsK90-071 and M92-075)

Levofloxacin 500 w QD ceferiexone/
cafuroxhe (K90-071) 95b Confidence

Inte~al**
Pathogen Category/Pathogen N* Eradicated N Eradicated

Pathogen Category

Gram-positive aerobic psthogena 130 112 (86) 63 58 (92) (-3, 15)

Gram-negative aerobic pathogens 138 132 (96) 79 53 (67) (-40, -18)

Other
165 159 (96) 91 83 (91) (-12, 2)

Total by pathogen 433 413 (95) 233 194 (83) (-17, -7)

Total by subject 280 265 (95) 152 123 (81) (-21, -7)

Routine Pathogens

Hsamophilus influenza 55 54 (9s) 20 14 (70) (-48, -8)
ILmmophilusparainfluenzae 19 18 (95) 19 12 (63) (-56, -8)
Kkbsiella pneumonfae 6 6 (100) 7 3 (43) -..

Moraxellacatarrhslis 18 17 (94) 6 5 (83) ----

Staphylococcusaureus 17 15 (88) 7 7 (100) ---

Streptococcuspmeumoniae - 60 57 (95) 31 26 (84) (-25, 3)

Other Pathogeno

Chlamydiapneumonia 161 154 (96) 90 78 (87) (-17, -1) “
Legionella pneumonia 7 6 (86) 2 0 (o) ---
Uycoplaema 27 26 (96) 20 19 (95) (-13, 11)

*.,—-..-L---c “..L2--*”...L-k-a -L-* ---L--.. ..1--- -- .- ---L:--&--- .-ALL -L<-— —-LL–—–—– . . ..—L–..–

-..=..u4w=. u. -wJ=G.- W*W .-u ..=. pauwy.=.a C4AWSI= u. An GuuwAxiuLAuxI WLGU ocner paumgens. NumDers

shown in parentheses are percentages for that category.
●+~-sided confidence inte~al for the difference (ceftri~one/cef~o~~ mim~ levoflo~cin) in

microbiologic eradication rate was calculated for pathogena with 10 or more microbiologically
evaluable isolates in each treatment group.

The microbiologic eradication rates for levofloxacin are all 286%, indicating
that the absolute eradication rates for levofloxacin would all support the use
of Ievofloxacin for this indication and the inclusion of these organisms in the
package insert. In addition, the 95% confidence intervals all overlap zero or
lie within the negative range, indicating that—
statistically equivalent to the comparative regimen

levofloxacin is-a- least

of ceftriaxone/cefuroxime.
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16.2.2. Overall success rates by pathogen
Table 16.2.2 mmmarizes the overall Euccemm rates (defined as th~ctiined
percentage of patients who were clinicallycured or iqmwed at tbe posttherapy
clinicalevaluationPLUS had eradication of their admissionpathogen) by pathogen
and pathogen category for the pathogens requested by the sponsor in the~roposed
package insert. The overall success rates for those organisms with 210 cases
per treatment arm range from 75-98%. In addition, the 95% confidence interval
around the difference in treatment arms (competitor minus levofloxacin) all
overlap zero of lie within the negative range, indicating that levofloxacin is
at least statistically equivalent to the comparative regiment of
ceftriaxone/cefuroxime.

Table 16.2.2
connnUnity-acquired Pneumonia

Overall Success Rates by Pathogen:
FDA Microbiologically Bvaluable Subjects (ProtocolsK90-071 and M92-075)

Pathogen

Haemophilus influenza
Haeiwphilus psrainfluenzae
X2ebsiella pneufnoniae
Moraxella catarrhalis
Staphylococcus aureus
Streptococcus pneumonia

Chlsmydia pneumonia
Legionella pneumophilia
Mycoplasma pneumonia

●N.number of subjects who

55
19
6
18
17
60

161
7

Levofloxecin
S00 w QD

Overall
succeBn**

54 (98)
15 (79)
6 (loo)
16 (89)
15 (88)
57 (95)

154 (96)
5 (71)

27 I 25 (93)

d that pathogen alone or i

Cattrisxone1
ceiuroxime
(K90-071)

IF

20
19
7
6
7

31

90
2

20
-
Combl

shown in DZireIitheSeSare DerCentZiqeS for that CatWOW.

Ovarall
Success

14
12
2
6
7

26

78
0

(70)
(63)
(29)
(loo)
(loo)
(84)

(87)
(o)

19 (95)

Ition with other p

95% Confidence
Intenal***

(-48, -8)
(-44, 12)

-----
-----
-----

(-25, 3)

(-17, -1)
-----

(-12, 16)

thogens. Numbers

--
•*~erall succes~ is defined as &inical ‘&e or imprwement PLUS microbiologic eradication
●**~-eided t..nfide~ce inte~al for the difference (ceftri~onelcefuro~me ~n~~ le~flo~acin) in

clinical success rate.

,-

—

—
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16.2.3. Routine Bacterial Pathogens
16.2.3.1. Haemophilus influenza —

The total number of microbiokgically waluable isolatas of Xiaemophilua
influenza from levofloxacin-QD-treated patients wais55: 27 in X90-071 and
28 in 2592-075.The total number of isolates of Haemophilus influenza was
20 in ceftriaxone/cefuroxime-treated patients in protocol K90-071.

Table 16.2.3.1
Overall analyais for Eaemopbilus influenza

FDA Clinically end Microbiologically Evaluable Patients
Community-acquiredPneumonia (ProtocolsK90-071 and X92-075

Tsaatment●= Protocol N* (t) I 95% CI** 1Efficacy parameter

Clinical cure rate++ Lewfloxacin 500 mg QD K90-071 I22/27 (81)
1492-075 17/29 (59)
Overall 39/56 [64)

(-65, -13)
---

(-47, 3)

Ceftriaxone/cefuroxime

=t=

K90-071 10/24 (42)

K90-071 27/27 (100)
M92-075 26/29 (90)
Overall 53/56 (95)

K90-071 15/24 (62)

..-

CIinical success rate+* Lewfloxacin 500 mg QD (-57, -19)
---

(-53, -13)

Ceftriaxone/cefuroxime ---

Levofloxacin 500 mg QD

=-E%4
(-50, -lo)
---

(-48, -8)

---

Eradication rate***

Ceftriaxone/cefuroxime

Lewfloxacin 500 mg QD K90-071 27/27 (100) (-50, -lo)
M92-075 27/28 (96) ---
Overall 54/55 (98) (-4a, -8)

Ceftriaxone/cefuroxime K90-071 14/20 (70) ---

:hat pathogen alone or in combination with other pathogens. Numbers

Overall euccess rate*+*

mmbar of subjects who had
shown in Daranthesea are Dercenta9ea for that cate!zorv.-.

9*~o-sided confidence ~te~al for the d~ffe=ence (ceftri~ne/cefur~ime minus le~flo~cin) in

clinical response ratea was calculated for subsets with 10 or more clinically evaluable
patienta with admisaion isolatea of ~emopbilus fnfluenzaein each treatment group

*~*~o-eided ~idence inte~al for the difference (ceftriaxone/cef~oxime minus le~floxa=in) in

microbiologic eradication rate waa calculated for subaeta with 10 or more mlcrobiologically
evaluable isolates in each treatment group

With the exception of the combined analysis of clinical cure rate, the 95%
confidence intervals for the difference (ceftriaxone/cefuroxime minus
levofloxacin) in the parameters of efficacy (cure rate, clinical success
rate, eradication rate, overall success rate) all lie within the negative
range, indicating the superiority of levofloxacin over competitor in the
treatment of community-acquiredpneumonia due to Haemophilus influenza.
Thus , the total number of isolates is adequate, and the–absolute and
relative efficacy rates support the inclusion of Hatmophilus influenza in
the labeling.

—

—



16.2.3.2. Haemophilus
The total number of

parainfluenzae
microbiologically

413

evalueble isolates of 31umophilus
parainfluenzaefrom levofloxacin-treatedpatientswas 19: 9 in %90-071 and
10 in M92-075. The total number of isolates of Haemophilus parainfluenzae
was 19 in ceftriaxone/cefuroxime-treated patients in protocol K90-071.

Table 16.2.3.2
Overall analysit3 for Iiaemophilu6 parainfluenzae

FDA Clinically”andMicrobiologicallyZvalueble Patients
Connnunity-acquiredPneumonia (Protocols K90-071 and M92-075

#
Efficacy parametar

Clinical cure rate**

Clinical mccena rate**

Eradication rate***

Overall muccens rate***

Treatment ●m Protocol N* (+) 95% CI**

Levofloxacin 500 mg QD K90-071 5/9 (56) N/A
M92-075 5/11 (45) ---
Overall 10/20 (50) (-45, 15)

Ceftriaxone/cefuroxime K90-071 7/20 (35) ---

Levofloxscin 500 mg QD K90-071 9/9 (loo) N/A
M92-075 10/11 (91) ---
Overall 19/20 (95) (-83, -37)

Ceftriaxone/cefuroxime K90-071 13/20 (65) ---

Levofloxscin 500 mg QD K90-071 9/9 (100) N/A
M92-075 9/10 (90) ---
Overall 18/19 (95) (-56, -8)

Ceftriaxone/cefuroxime K90-071 12/19 (63) ---

Levofloxscin 500 mg QD K90-071 7/9 (78) N/A
M92-075 8/10 (80) ---
Overall 15/19 (79) (-44, 12)

Ceftriaxone/cefuroxime K90-071 12/19 (63) ---

hat pathogen alone or in combimtion with other pathogena. NumbezN.number of subjects who had
ahwn in parentheses are percentages for that category.

•e~o.~idedconfidenceinte~al for the difference (ceftri~one/cefuro~me minus le~flo~cin) in

clinical respqnse rates was calculated for subsets with 10 or more clinically evaluable
patients with admission isolates of Haemophilus parainfluaozae in each treatment group

*+~~o-si&d cmfidence inte~al for the difference (ceftri~one/cef~~me ~nus le~flmcin) in

microbiologic ●radication rate was calculated for subsets with 10 or more microbiologically
●valuable isolatesin ●achtreatmentgroup

Note that the 95% confidence inteznralsfor the difference (ceftriaxone/cefuroxime
minus levofloxacin) in the parameters of efficacy (cure rate, clinical success
rate, eradication rate, overall success rate) all either (1) overlap zero,
indicating statistical equivalence, or (2) lie within the negative range,
indicating the superiority of levofloxacin over competitor in the treatment of
community-acquired pneumonia due to HaemophiZus parainfluenzae. Thus, the total
number of isolates is adequate, and the absolute and relative efficacy rates
support the inclusion of Haemophilus parainfluenzae in the labeling.

—
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16.2.3.3. Klebsiella pneumonia
The total mnnher of ndcrohiologically evaluable kolates of IUebeiella
pneumonia fran levofloxacin-treatedpatientswas 6: 1 in %90-071 and 5 in
M92-075. The total number of isolates of K.Zebsiellapneumonia was 7 in
ceftriaxone/cefuroxime-treated patients in protocol K90-071. .-

Table 16.2.3.4
Overall analy8ia for Xlebsiella pneumonia

FDA Clinically and Microhiolog%ca
Conmmmity-acquiredPneumonia (Protol

Efficacy parameter Treatment arm

Clinical cure rate** ILevofloxacin 500 mg QD

Ceftriaxone/cefuroxime

Clinical auccasa rat@*

I

Levofloxacin 500 mg QD

ICeftriaxone/cefuroxime
Eradication rate*** ILevofloxacin 500 mg QD

Ceftriaxone/cefuroxime

Overall success rate***

I

L+Wofloxacin 500 mg QD

Ceftriaxone/cefuroxime

,N=numberof subjects who had that pathogen alone ox in
shown in parentheses are percentages for that ca

ly Evalueble Patients
>1sK90-071 and M92-075)

Protocol u. (*)
I 95* CI** I

=-E-E-l
=-w-H
*
nnbination with other pathogena. Numbers
tgoq’.

.el’w~-sidedconfidence inte=al for the ~ff.ar.snce(ceftri~one/cefuroxime ~i~us le~floxaci~)in
clinical respokse rates was calculated for subaeta with 10 or more clinically evaluable
patients with admission iaolatea of X.lebsiellapneumonia in each treatment group

●**~o.sided confidence interval for the difference (ceftriaxone/cefur&me minus le~flwcin) in

microbiologic eradication rate was calculated for subseta with 10 or more microbiologically
evaluable isolates in each treatment group

Note that there are insufficient numbers of isolates to calculate 95%
confidence interval s for any of the parameters of efficacy. Thus, the
total number of isolates is inadequate to support the inclusion of
Klebsiella pneumonia in the labeling, even though the absolute
eradication rates would support the use of levofloxacin for the treatment
of community-acquired pneumonia due to KlebsielZa pneumonia.

—

—
.
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16.2.3.4. Moraxella catarrhalis
The total number of microhiologically avaluable isolates of_7#oraxella
catarrhalis fr- levoflcxacin-treatedpatients was 18: 7 in K90-071 and 11
in M92-075. The total number of isolates of Moraxella catarrhalis was 6

in ceftriaxone/cefuroxime-treated patients in protocol K90-071---

Tahle 16.2.3.5
Overall analysis for Moraxella catarrhalia

FDA Clinically and Microhiologically Evaluahle Patients
Coxmaunity-accuiredPneumonia (Protocols K90-071 and M92-075).-

Efficacy parameter

Clinical cure rate**

Clinical nuccean rate**

Eradication rate***

Overall nucceas rate***

W=number of subjects who had

Traabnt arm IProtocol

Levofhxacin 500 mg QD IK90-071M92-075
Overall

4/7 (57)

I
N/A

9/11 (82) ---
13/18 (72) N/A

%%-&
Ceftriaxone/cefuroxime K90-071 5/6 (83) ---

Levofloxacin 500 mg QD K90-071 6/7 (86) N/A
M92-07S 11/11 (loo) ---
Overall 17/18 (94) N/A

I5/6 (83) ---

6/7 (86)

I

N/A
10/11 (91) ---
16/18 (89) N/A

Ceftriaxone/cefurox.ime

shown in parentheses are percentages for that category.
--

+~~-si~ed confidence i~te-l for the difference (ceftrl~one/cef~oxi~e ~in~~ le~flo~cin) in

clinical response rates was calculated for subseta with 10 or more clinically evaluable
patients with admission isolates of Moraxella catarrhslis in each treatment group

+++~o-sided Confidmce inteml for the difference (ceftri_ne/cef~~me anus ~evoflo~cin) in

microbiologic eradication rate was calculated for subsets with 10 or more microbiologically
evaluable isolates in ●ach treatment group

Note that there are insufficient numbers of isolates in the comparator arm to
calculate 95% confidence intervals for any of the parameters of efficacy.
However, the total number of isolates in the levofloxacin-treated arm is adequate
to support the inclusicm of Ploraxellacatarrhdis in the labeling. In addition,
the absolute rates for all parameters of efficacy are adequate to support the use
of levofloxacin for the treatment of community-acquired pneumonia due to
Morsxella catarrhalis.

--
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16.2.3.5. Staphylococcus aureus
The totalnumber of Acrobiologically evaluahle isolates of Staphylococcus
aureus fr= levofloxacin-treatadpatients was 17: 7 in K90-071 and 10 in
M92-075. The total number of isolates of Staphylococcus aureus was 7 in
ceftriaxone/cefuroxime-treated patients in protocol K90-071. . -

Table 16.2.3.6
Overall analysis for Staphylococcus aureus

FDA Clinically and XicrcbiologicallyEvaluable Patients
c~ ity-acquired Pneumonia (ProtocolsK90-071 and M92-075)

Efficacy parametar Traatment ●rm
I
Protocol N* (~) 95% CI**

, 1
Clinical curs rate** Levofloxacin 500 mg QD K90-071 7/7 (loo) N/A

M92-075 7/11 (64) ---
Overall 14/18 (78) N/A

Ceftriaxone/cefuroxime K90-071 6/7 (86) ---

Clinical muccesm rate** Levofloxacin 500 mg QD K90-071 7/7 (loo) N/A
M92-075 8/11 (73) ---
Overall 15/18 (83) N/A

Ceftriaxone/cefuroxime K90-071 7/7 (loo) ---

Eradication rate*** Levofloxacin 500 mg QD K90-071 7/7 (loo) N/A
f492-075 8/10 (80) ---
Overall 15/17 (88) N/A

Ceftriaxone/cefuroxime K90-071 7/7 (loo) ---

CvarS2.1nuccann rate*** Levofloxacin 500 mg QD K90-071 7/7 (loo) N/A
M92-075 8/10 (80) ---
04erall 15/17 (88) N/A

Caftriaxone/cefuroxime K90-071 7/7 (loo) ---
I 1 I 1

N=number of subjects who had that pathogen alone or in combination with other pathogens. Number
shown in-parentheses are percentage for that category.

•+~o-aided confidence inte~al for the difference (Ceftri~One/CefUr~ime ❑inus levofloxacin) in

clinical response rates was calculated for aubaeta with 10 or more clinically evaluable
patients with admission isolates of Staphylococcus aureus in eachtreatmentgroup

●*+1’wO-Si&dconfidenceinternal for the difference (ceftriSXOne/CefUrOXime SliIIUSleVOflOXaCin) in

microbiologic eradication rate was calculated for subaeta with 10 or more microbiologically
evaluable isolates in each treatment group

Note that there are insufficient numbers of isolates in the comparator arm
to calculate 95% confidence internals for any of the parameters of
efficacy. However, the total number of isolates in the levofloxacin-

treated axm is adequate to support the inclusion of Staphylococcus aureus
in the labeling. In addition, the absolute rates for all parameters of
efficacy are adequate to support the use of levofloxacin for khe treatment
of community-acquired pneumonia due to Staphylococcus aureus .

..
—-

.—
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16.2.3.3. Streptococcus pneumonia —.
The total number of microbiologicallyevaluable imolate8 of Streptococcus
pneumonia from levofloxacin-treatedpatienta was 60: 26 in K90-071 and 34
in M92-075. The total number of microbiologically evaluable patients with
isolates of Streptococcus pneumonia was 31 in the ceftriaxone/cefuroxime-
treated arm of protocol K90-071.

Teble 16.2.3.3
Overall analysis for Streptococcus pneumoaiae

FDA Clinically and Microbiologically Evaluable Patients
community-acauiredPneumonia (Protocols K90-071 and M92-0751

Efficacy parameter

Clinical cure rate**

Clinical succesn rate**

Eradication rate***

Overall ●uccesa rate***

!&numbsr of subjects.who had

Treatment arm

Levofloxacin 500 mg QD

Ceftriaxone/cefuroxime

Levofloxacin 500 mg QD

Protocol

K90-071
M92-07S
Overall

K90-071

K90-071
M92-075
Overall

20/29 (69)

I
(-27, 19)

12/34 (35) ---
32/63 (51) (-6, 34)

%2-ET
Ceftriaxone/cefuroxime

Lavofloxacin 500 mg QD =-t%-El
Ceftriaxone/cefuroxime K90-071 26/31 (84) ---

Levofloxscin 500 mg QD K90-071 25/26 (96) (-27, 3)
M92-075 32/34 (94) ---
Overall S7/60 (95) (-25, 3}

Ceftriaxone/cefuroxime K90-071 26/31 (84) ---

:hatpathogen alone or in combination with other pathogens. Numbers
shown in parentheses are percentage for that category.

.-

•e~o-sided confidence inte~al for t~ difference(ceft=iaxone/cefuro~~ minus levoflacin) in

clinical response ratee was calculated for subsets with 10 or moze clinically ●valuable
patients with admission isolates of Streptococcus pneumonia in each treatment group

●~*~-sided confidence inte~al for the difference (ceftri~one/cefuroxime ~nus levofloxacin) in

microbiologic eradication rate was calculated for subsets with 10 or more microbiologically
evaluable isolates in each treatment group

Note that the 95% confidence intervals for the difference

(ceftriaxone/cefuroxime minus levofloxacin) i.nthe parameters of efficacy
(cure rate, clinical success rate, eradication rate, overall success rate)
all overlap zero, indicating the statistical equivalence of levofloxacin
to ceftriaxone/cefuroxime in the treatment of community-acquired pneumonia
due to Streptococcus pneumonia. Thus, the total number 07 isolates is
adequate, and the absolute and relative efficacy rates support the
inclusion of Streptococcus pneumonia in the labeling.

—
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16.2.3.6. Streptococcus pneumonia
The total number of microbiologicallyevalueble isolates of Stre~tococcus

pneumonia from levofloxacin-treatedpatients was 83: 35 in K90-071 and 48
in M92-075. The total number of isolates of Streptococcus pneumonia was
42 in ceftriaxone/cefuroxime-treated patients in protocol K90-071.

Table 16.2.3.3
Overall analysis for Streptococcus pneumonia

PDA Clinically and MicrobiologicallyEvaluable Patients
Community-acquiredPneumonia (ProtocolsK90-071and M92-075)

Efficacy parameter

Clinical cure rate**

Clinical ●uccens rate**

Eradication rate***

Overall succem rate***

N.number of subjects who had

Treatment ●xm Protocol N* (~) 95% CI**

Levofloxacin 500 mg QD K90-071 30/38 (79) (-33, 5)
M92-075 15/49 (31) ---
Overall 45/87 (52) (-5, 31)

Ceftriaxone/cefuroxime K90-071 28/43 (65) ---

Levofloxacin 500 mg QD K90-071 37/38 (97) (-20, 2)
M92-075 45/49 (92) ---
Overall 82/87 (94) (-17, 5)

Ceftriaxone Iceftuoxime K90-071 38/43 (88) ---

Levofloxacin 500 mg QD K90-071 34/35 (97) (-20, 2)
M92-075 45/48 (94) ---
Overall 79/83 (95) (-15, 5)

Ceftriaxone/cefuroxime K90-071 38/42 (90) ---

Levofloxacin 500 mg QD K90-071 28/35 (80) (-36, 4)
M92-075 33/48 (69) ---
Overall 61/83 (73) (-26, 8)

Ceftriaxone/cefuroxime K90-071 27/42 (64) ---

:hat pathogen alone or in combination with other pathogens. Number~
shown in parentheses are percentages for that category.

.*l’wo-sidedconfidence interval foxthe difference (ceftrlax&e/cefuroxime minus levofloxacin) in

clinical response rates was calculated for subsets with 10 or more clinically evaluable
patients with admission isolates of Streptococcus pneumonia in each treatment group

+**~-sided confidence interval for the difference (ceftriaxone/cefuroxime ~nus levofloxecin) in

microbiologic eradication rate was calculated for subsets with 10 or more microbiologically
evaluable isolates in each treatment group

Note that the 95% confidence intervale for the difference
(ceftriaxone/cefuroxime minus levofloxacin) in the parameters of efficacy
(cure rate, clinical success rate, eradication rate, overall success rate)
all overlap zero, indicating the statistical equivalence of-levofloxacin
to ceftriaxone/cefuroxime in the treatment of community-acquired pneumonia
due to Streptococcus pneumonia. Thus , the total number of isolates is
adequate, and the absolute and relative efficacy rates support the
inclusion of Streptococcus pneumonia in the labeling.

—
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16.2.4. Atypical Pathogens
16.2.4.1. Chlamydia pneumonia
The total number of microhiologically evaluablecases of Chlaa@ia Xeumoniae
from levofloxacin-treatedpatients waa 161: 58 in K90-071 and 103 in M92-075.
The total number of cases of Chlaxnydia fmeumoniae was 90 in
ceftriaxone/cefuroxime-treated patients in protocol K90-071. Although the
Medical Officer’s Evaluability Criteria,Section 11.2.2,allowed for both culture
and serologic methods in the diagnosis of Chkmydia pneumonia infection, the
microbiologically evaluable patient cohort was composed entirely of cases
diagnosed by serologic methods. There were no cases defined by isolation of the
organism from culture of respiratory secretions. The largenumber of cases this
organism can be explained by the fact that Chlamydia pneumonia is most
frequently seen as part of a polymicrobial infection.

Table 16.2.4.1
Overall analysis for Chlamydia p33eumoniae

FDA Clinically and Microbiologically Bvaluahle Patients
Community-acquired Pneumonia (ProtocolsK90-071 and M92-075)

Efficacy parameter Treatment arm Protocol N* (t) 95% CI**

Clinical cure rate** Levofloxacin 500 mg QD K90-071 36/59 (61) (-32, 6)
M92-075 53/103 (51) ---
Overall 89/162 (55) (-24, 10)

Ceftriaxone/cefuroxime K90-071 44/91 (48) ---

Clinical success rate** Levofloxacin 500 mg QD K90-071 57/s9 (97) (-19, -3)
M92-075 98/103 (95) ---
Overall 155/162 (96) (-18, -2)

Ceftriaxone/cefuroxime K90-071 7a19~ (86) ---

Eradication rate*** Levofloxacin 500 mg QD K90-071 56/58 (96) (-18, -2)
M92-075 98/103 (95) ---
overall 154/161 (96) (-17, -1)

Ceftriaxone/cefuroxime K90-071 78/90 (87) ---

Overall ●uccese rate*** Levofloxacin 500 mg QD K90-071 56/58 (96) (-1s, -2)
M92-075 98/103 (95) ---
Overall 154/161 (96) (-17, -1)

Ceftriexone/cefuroxime K90-071 78/90 (87) ---

●N.number of subjects who had that pathogen alone or in combination with other pathogena. Numbers
shown in parentheses are percentages for that category.

●+~o-sided confidence inte~al for the difference (CeftZhXOne/Ct?fUrOXilM minus levofhxecin) in

clinical response rates waa calculated for subsets with 10 or more clinically evaluable
patients with admission isolates of Chhunydia pneumonia in ●ach treatment group

●**~-sided confidence intenal for the difference (ceftriaxone/cefuroxima M.inUSleVOfkXSCin) in

microbiologic eradication rate was calculated for subsets with 10 or more microbiologically
evalusble iaolatea in each treatment group

Note that the 95% confidence intervals for the difference—

..

‘File TN, Plouffe JF. Community-acquired pneumonia requiring hospitalization (CAPRS) due
to Chlan?ydiapneumonia as the sole pathogen. Abstract 613, presented 34th IDSA Annual Meeting,
New Orleans, LA September, 1996.

—
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(ceftriaxone/cefuroxime minus levofloxacin) in the parameters of efficacy

(cure rate,clinical success rate, eradication rate, overall success rate)
all either (1) overlap zero, indicating statistical equivalence, or (2-)
lie within the negative range, indicatingthe superiority of leW5floxacin
over competitor in the treatment of community-acquired pneumonia due to
Chlamydia pneumonia. Thus , the total number of cases is adequate, and
the absolute and relative efficacy rates support the inclusion of
Chlamydia pneumonia in the labeling.

16.2.4.2. Legionella pneumophilia
The total number of microbiologically @valuable cases of Legionella

pneumonia from levofloxacin-treatedpatients was 7: 3 in lc90-071and 4 in
M92-075. The total number of cases of Legionellapneumophilia was I in
ceftriaxone/cefuroxime-treated patients in protocol K90-071. Although the
Medical Officer’s Evaluability Criteria, Section 11.2.2, allowed for both
culture and serologic methods in the diagnosis of Legionella pneumophilia
infection, the microbiologically evaluable patient cohort was composed
entirely of cases diagnosed by serologic methods. There were no cases
defined by isolation of the organism from culture of respirator
secretions.

Table 16.2.4.2
Overall analysis for Legionella pneumophilia

FDA Clinically and MicrobiologicallyBvaluable Patients
Conununity-acquired pneumonia (Protocols K90-071 and M92-075)

m f
Efficacy parameter

Clinical cure rata**

Clinical nuccenn rate**

Eradication rate***

Werall ●ucceae rate***

Treatment arm Protocol N* (*) 95% CI**

Levofloxscin 500 mg QD K90-071 3/3 (100) N/A
M92-075 1/4 (25) ---
Overall 4/7 (57) N/A

Ceftrisxone/cefuroxime K90-071 0/2 (o) ---

Levofloxscin 500 mg QD K90-071 3/3 (loo) N/A
H92-075 2/4 (50) ---
Overall 5/7 (71) N/A

Ceftrisxone/cefuroxime K90-071 0/2 (o) ---

Levofkoracin 500 MS QD K90-071 3/3 (loo) N/A
M92-075 3/4 (75) ---
Overall 6/7 (86) N/A

Ceftrisxone/cefuroxime K90-071 1/1 (loo) ---

Levofloxacin 500 mg QD K90-071 3/3 (loo) N/A
M92-075 2/4 (50) ---
Overall 5/7 (71) N/A

Ceftriaxone/cefuroxime K90-071 0/2 (0) ---

:hat pathogen alone or in combination with other pathogens. NumbersN.number of subjects who had
shown in parentheses are percentages for that category.

++fio-sided confide~ce ~nte~al for the difference (ceftri~ome/cef~~ime minus le~oflmcin) in

clinical response rates was calculated for subsets with 10 or more clinically evalusble
patients with admission isolates of Legionella pneumophilia in each treatment group

●**~.~lded Cmfldence inte~al for the difference (ceftri~one/cefuroxime “minus lewfloxacin) in

microbiologic e–fadicationrate was calculated for subsets with 10 or more microbiologically
i evaluable isolates in each treatment group

—
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Note that there are insufficient numbers of cases to calculate 95%
confidence interval s for any of the parameters of efficacy. Thus, the
total number of casesis inadequate to support the inclusion of-+egionella
pneumophilia in the labeling, even though the absolute eradication rates
would support the use of levofloxacin for the treatment of comm.rnity-
acquired pneumonia due to Legionella pneumophilia. .-

16.2.4.3. Mycoplasma pneumonia
The total number of microbiologically evaluable cases of Mycoplama

pneumonia from levofloxacin-QD-treated patients waa 27: 21 in x90-071 and
6 in M92-075. The total number of cases of Mycoplasma pneumonia was 20

in ceftriaxone/cefuroxime-treated patients in protocol K90-071. Although
the Medical Officer’s Evaluability Criteria, Section 11.2.2, allowed for
both culture and serologic methods in the diagnosis of Mycoplasma

pneumonia infection, the microbiologically evaluable patient cohort was
composed entirely of cases diagnosed by serologic methods. There were no
cases defined by isolation of the organism from culture of respiratory
secretions.

Table 16.2.4.3
Overall analysis for M’ycoplaama pneumonlae

FDA Clinically and MicrobiologicallyEvaluable Patients
Connmnity-acquired Pneumonia (Protocols X90-071 and M92-075)

Efficacy parameter I Treatment arm I Protocol N* (+)
I 95% CI**

Clinical cure rate**

m

Clinical aucce.enrate** Levofloxacin 500 mg QD K90-071
M92-075
Overall

Ceftriaxone/cefuroxime K90-071

kadication rate*** Levofloxacin 500 mg QD K90-071
U92-075
Overall

12/21 (57) (-27, 33)
3/6 (50) ---
15/27 (56) (-24, 32)

I12/20 (60) ---

20/21 (95)

I(-13, 13)
6/6 (loo) ---
25/27 (96) (-13, 11)

I19/20 (95) ---

20/21 (95}

I

(-13, 13)
6/6 (loo) ---
25/27 (96) (-13, 11)

Ceftriaxone/cefuroxime K90-071

Overall mccem+ rate*** Levofloxacin 500 mg QD K90-071
M92-075
Overall

I19/20 (95) ---

20/21 (95)

I

(-13, 13)
6/6 (loo) ---
25/27 (96) (-13, 11)

Ceftriaxone/cefuroxime

:h other pathogens. Number:
shown in parentheses are percentages for that category.

+e~~-sided confidence inte~al for the difference (ceftri~one/cefUrOxime minus ~e~oflo~cin) in

clinical response rates was calculated for subsets with 10 or more clinically evaluable
patients with admission isolatesof Mycoplasma pneumonia in each treatmen? group

+*+~o-sided confidence interval for the difference (ceft=i~one/cefuroxime finus levofla~cin) in

microbiologic eradication rate was calculated for subsets with 10 or more microbiologically
evaluable isolates in each treatment group

—
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Note that the 95% confidence intervals for the difference
(ceftriaxone/cefuroxime minus levofloxacin) in the parameters of efficacy
(cure rate, clinical success rate, eradication rate, overall success rate)

all overlap zero, indicating the statistical equivalence of levofloxacin

to ceft’riaxone/cefuroxime in the treatment of cormnunity-acquired pneumonia

due to Mycoplasma pneumonia. Thus , the total number of. gases is
adequate, and the absolute and relative efficacy rates support the
inclusion of Mycoplasma pneumonia in the labeling.

In summary, based on the above data, the Division is justified in granting the
Sponsor the claim of efficacy in the treatment of community-acquired pneumonia
caused by Haemophilus influenza, Haemophilus parainfluenzae, Morexella
catarrhalis, Staphylococcus aureus, Streptococcus pneumonia, Chlamydia

pneumonia, and Mycoplasma pneumonia. The small number of isolates for
Klebsiella pneumonia and Legionella pneumophilia are insufficient to support

inclusion of these organisms in the label.

16.3. Issues regarding Antibiotic Resistance:
The use of a quinolone antibiotics for infections involving Streptococcus
pneumonia and Staphylococcus aureus may be problematic, since resistance of
these organisms to other quinolone antimicrobial agents has been shown to occur
relatively rapidly. The use of levofloxacin for the treatment of community-
acquired pneumonia in the community will, in general, be empiric, thus, its
coverage for organisms in which there could be pre-existing or rapid development
of resistance may be suboptimal and may not be known with great accuracy.

16.3.1. ouinolone-resistance in Staphylococcus aureus
Quinolone-resistance has been documented to occur rapidly in
Staphylococcus aureus, with methicillin-resistant S. aureus (MRSA)
developing resistance at a more rapid rate than methicillin-sensitive S.
aureus (MSSA). Ciprofloxacin-resistance in S. aureus is well documented,
with reports.resistance developing ~ therapy with these agentsz. One
study

2
Daum TE, Schaberg DR. Increasing resi.etanceof S. aureuB to ciprofkxacin. ~

~ 34:1862-3, 1990; Blumberg HM, Rimland D, et.al. Repid development of
ciprofloxecin resistance in Methicillin-susceptible and methicillin-resistant Staphylococcus
aureus. 163:1279-85, 1991; Mulligan !4E,.RuenePJ, et.al. Ciprofloxacin for
eradication of methicillin-resistent Staphylococcus aureus colonization. &n J ~ 82
(Suppl.4A):215-9, 1987; Piercy SA, Barbaro D, et.al. Ciprofloxacin for methicillin-resistant
Staphylococcus aureus infections. 33:128-30, 1989; Scaefler-S.
Methicillin-resistant strains ofltaphylococcus aureus resistant to the quinolones. J-q

27:335-6, 19S9; Shalit I, Berger SA. Widespread quinolone resistance among methicillin
resistant S. aureus. 33:593-4, 1989; Isaacs RD, Kunke PJ, et.al.
Ciprofloxacin resistance in epidemic methicillin-resistant S. aureus. ~ 2:843, 1988.
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resistant to ciprofloxacin two years after introduction of the drug3.
Piercy et.al. reported development of resistance in 16% (6/37) of patients
who were being treated with ciprofloxacin for MRSA colonization and
Mulligan et.al. reported 32% (7/22) of treatment episodes were associated
with the development of ciprofloxacin-resistant MRSA during the course of
antibiotic therapy. Resistance among methicillin-susceptible.~. .aureus

(MSSA) has been less widespread tb with MRSA, but has still “been
reported5.

While the mechanism of resistance of S. aureus to quinolones is not
completely understood, there are authors who suggest that the rapid
emergence of ciprofloxacin resistance in S. aureus may be due to the fact
that a single-step point mutation alone can lead to high-level resistance.
For S. aureus, the frequency of alterations in DNA gyrase caused by
single-step mutations increases from 1 in 102 to 1 in lCP when bacteria
are exposed to concentrations close to the minimal inhibitory
concentration. The frequency of single-step mutation to fluoroquinolone
resistance in S. aureus ranges from 1.5 x1O-5 at twice the MIC to 43.6 x
10 -12 at eight times the MIC; and high level resistance occurs with
serial exposure of bacteria to increasing concentrations of
fluoroquinolones’.

16.3.2. Quinolone-resistance in Streptococcus pneumonia
The incidence and geographic dissemination of penicillin-resistant and
multi-drug-resistant strains of Streptococcus pneumonia has been
increasing. The mechanism of penicillin resistance has been shown to
result from altered penicillin-binding proteins with decreased binding
affinity for the penicillins. There are reports of resistance arising
from genetic transformation (i.e., the ability of S. pneumonia to capture
loose DNA molecules from the environment and incorporate these DNA
fragments into the bacterial genome) leading to mosaic penicillin-binding
proteins with decreased affinity to the penicillins. Thus , the need for
alternative antibiotics for the treatment of pneumococcal pneumonia is of

3
Blumberg NM, Rimland D. ~ 163:1279-85, 1991.

4
Piercy SA. ~ob A~ 33:128-30, 1989; Mulligan MB, Ruane PJ, et.al. ~

u 82 (SUPP1.4A):215-9, 1987.

5
Scaefler S. ~ 27:335-6, 1989; Shalit I, Berger 2A. ~

~ 33:593-4, 1989; Isaacs RD, Kunke PJ, et.al. ~ 2:843, 1988; Daum ‘l’B,Schaberg DR.
. .~ 34:1862-3, 1990.

6
Blumberg NM, Rimland D. ~ 163:1279-85, 1991; Oahita Y, Hixamatsu K. A point

mutation in norA gene ia responsible for quinolone resistance in Staphylococcus aureus. ~
172:1028-34, 1990; Yoshida H, Bogaki M, et.al. Nucleotide sequence and

characterization of the Staphylococcus norA gene, which confers resistance to the_quinolones. J
~ 172:6942-9, 1990; Neu HC. Bscterial resistance to the fluoroquinolones.
10(suppl.l):57-63, 1988; Sreedharan S, Oram M. DNA gyraae gyrA mutations in ciprofloxacin-
re~&stant strains of S. aureus: close similarity with quinolone resistant mutations in E;”coli. z

172:7260-2, 1990.

7
Blumberg NM, Rimland D. ~ct D~ 163:1279-8S, 1991.
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occur in Streptococcus pneumonia.
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documented to

The mechanismfor pneumococcal resistance to the quinolones is a
one-step point mutation @ the bacterial genome leading to a single
amino acid substitution at the quinolone- binding site of e$ther the
bacterial DNA gyrasea or Topoisomerase W leading to decreased high
level quinolone resistance. Pneumococcal resistance to ciprofloxacin
is more prevalent than resistance to ofloxacin, with one paper in
1992 reporting 95% of pneumococcal isolates susceptible to ofloxacin
and only 68% of isolates susceptible to ciprofloxacinl”. However,
it should be noted that development of resistance to antimicrobial
agents is a time-dependent phenomenon, and that ciprofloxacin has
been in use longer than ofloxacin. Data presented by the Center for
Disease Controlll at the 35th Interscience Conference on
Antimicrobial Agents and Chemotherapy showed that there could be
significant development of resistance to ofloxacin in the period of
one year, such that the point prevalence for pneumococcal
intermediate resistance to ofloxacin was 1% in 1993 and 9.5% in

1994. However, it should be noted that there was no absolute
resistance detected in this study.

.

Pharmacokinetic/pharmacodynamic data have been used to attempt to
predict the clinical efficacy of antimicrobial agents against
specific microorgani sins. In the case of the quinolone
antimicrobial, the inhibitory quotient, defined as the AUC/MIC
ratio (the ratio of the Area Under the Concentration-time Curve
(AUC) of the antibiotic to the minimum inhibitory concentration
(MIC) of the S. pneumonia isolate) has been shown to be predictive
of clinical efficacy, with an AUC/MIC value of 40 being the
breakpoint for S. pneumonaieia. Levofloxacin, being the active
isomer of ofloxacin, achieves higher blood level of the active

8
Willmot CJR, Maxwell A. A Single Point Mutation in the DNA Gyraae A Protein Greatly

Reduces Binding of Fluoroquinolones to the Gyrase-DNA Complex. ~
37(1):126-27, 1993.

9
Pan XS, Ambler J. Involvement of Topoisomerase IV and DNA gyrase as Cipmfloxacin

Targets in Streptococcus pneumonia. 40(10):2321-2326, 1992; MUIIOZ

R, de la Campa AG. ParC Subunit of DWA Topoisomerase IV of Streptococcus pneumonia is a Primary

Target of Fluoroquinolones and Cooperates with DNA Gyrase A Subunit in Forming Resistance
Phenotype. ~ 40(10):2252-2257, 1992; Piddock XIV, Wise R. The
selection and frequency of streptococci with decreased susceptibility to ofloxacin and the other
quinolones. ~ 22(SUPP1 C) :45-51, 1988.

10
Jones RN, Reller LB, Rosati LA. Ofloxacin, a new Broad Spectrum Fluoroquinolone:

Results from a Multicenter, National Comparative Activity Surveilli&ce Study. ~

Uect Dives 15:425-34, 1992.

11
Butler JC, Hofman J, Elliot JA, et.al. Late

Francisco, CA, September 17-20, 1995.
breaking abstract. 3Sth ICAAC, San

12
Dr. David C. Hooper . Presented at the 35th

—

ICAAC,San Francisco, CA, September, 1995.
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isomer, and thus has a better inhibitory quotient for S. pneumonaie,
as described in the table below. However, it should be noted that
the MIC90 of some strains of S. pneumonaie is now 24 mcg/ti_forboth
ciprofloxacin and ofloxacin. At this higher MIC, the inhibitoq
quotient for levofloxacin falls below the breakpoint of 40. Thus,
the margin for coverage of organisms with even a marginal drift in
MIC afforded even by the higher blood levels of levoflo=acin is
borderline.

It should be noted that all these calculations are theoretical based
on the pharmacokinetic/pharmacod~amic data of these compounds. For
ofloxacin, there remains a discrepancy between the theoretically
inadequate inhibitory quotient and the clinical efficacy, with the
clinical efficacy being better than would be predicted by the
marginal inhibitory quotient against S. pneumonaie.

Table 16.3.1
Inhibitory quotients against Streptococcus pneumonaie for tseveral of the

Fluoroquinolone Antibiotics: Calculated for MICS of 2 mcg/mL and 4 mcg/mL

?’{~inqlone +::
‘,::,““’’iwb.;io~””:wkieni..,‘“i::;‘.:;;;”’:””””’”’””’’”~’“,5,:~+@$t&&yQuot ient ....

:.’’fi~}mi~ro~$al,:i:i: “’;;</fl::j:;”:{~@c#tiI@):”:’i&~.;;:;,; “.”;;“.:;’i;@::tAuclwc)‘.ftir.... ;:::::’..:’::....:. 1,.,,,....,........ ~.:~.,’’MIC:2:.’rncg/&;:;:;.j,..“+..;‘:.$i$g~:;Kc:4”6%/& .“””::”””::‘.

MIC AUC/MIC MIC AUC/MIC

Ciprofloxacin 2 mcg/mL 11.6 4 mcg/mL 5.8

Ofloxacin 2 mcg/mL 43.5 4 mcg/mL 21.8

Levofloxacin 2 mcg/mL 60.7 4 mcg/mL 30.4
4

16.4. The CNS/meningeal penetration of levofloxacin
adequately investigated.

has not been

The intrathecal concentration of an antibiotic is particularly important in
assessing the adequacy of this drug for coverage against the hematogenous spread
of infection and development of meningitis in cases of bacteremic “pneumococcal
pneumonia. Review of the literature would suggest that (1) S. pneumonia is the
causative organism in 16-75% (average 25-30%) of cases community-acquired
pneumonia and (2) the incidence of bacteremia in pneumococcal pneumonia is 16-
30%13. According to the biophaxmaceutics reviewer, the pharmacokinetics and
distribution of levofloxacin are comparable to that of ofloxacin, such that
extrapolation of the CSF penetration of ofloxacin to levofloxacin can be used to
calculate the theoretical CSF penetration of levofloxacin. The CNS penetration
ofloxacin is generally 40-50% of its blood level. Theoretically, if the CNS
levels of levofloxacin were 50% of the blood levels of the drug, tge inhibitory
quotient (AUC/MIC) within the CNS for S. pneumonia (at an MIC of 2 MIC/mL)

13
Musher DM. Infections caused by Streptococcus pneumonia: Clinical Spectrum,

Pathogenesis, Immunity, end Treatment. ~ect D~ 14:801-9, 1992.



would be apporximately 30, which is below the breakpoint of 40
with cliniclaly efficacy for the quinolones. Thus, the
pneumonia within the CNS could, hypothetically, be marginal,
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which correlates
coverage for S.
particu.tarly for

pneumococcal bacteremia. Again, this is based on a theoretical calculation
using a breakpoint calculated by Hooper for use win predicting the clinical
efficacy of the fluoroquinones. The reader is referred to Section 1$22.2. for
a discussion of the use of the inhibitory quotient in extrapolating
pharmacokinetic/pharmacodynamic data to clinical efficacy.

16.5. Phase 4 agreement requiring surveillance for the development
of resistance to levofloxacin:
The extensive discussion above regarding the resistance of both S. aureus and S.
pneumonia to these agents emphasizes the medical officer’s concerns regarding
the long term efficacy of levofloxacin for this indication. The Medical officer
would recommend that a condition of the approval be a Phase 4 surveillance
program to document the development of resistance to this antimicrobial so that
product labelling can be updated accordingly.

16.5.1. Streptococcus pneumondae:

According to an DAIDP advisory committee recommendation in October 1991,
there exist significant concern about the resistance of S. pneumonaie to
the quinolone antibiotics, such that there was a recommendation of a
labeling change warning of the development of resistance in S. pneumonia
and recommending that the “quinolones not be used as first line agent for
the treatment of infection due to presumed or confirmed [pneumonia] S.
pneumonaie” . AS per the discussion of inhibitory quotients of several of
the quinolone antibiotics for S. pneumonaie, there does not exist a large
safety margin for levofloxacin in regards to the achievable blood levels

(AUC) and the MIC of this organism. In addition, the eradication rate of
S. pneumonia in both Protocol K90-071 and Protocol M92-075 is below the
historic susceptibility rate of 95% for ofloxacin against S. pneumonia.
Since granting S. pneumonia as a pathogen requires that the Division
overturn a recommendation of this advisory committee, the Medical Officer
would thus recommend some type of post-marketing surveillance for the
development of resistance in this organism.

16.5.2. Staphylococcus aureus:
Although the Medical Officer has recommended the approval of levofloxacin
for the treatment of community-acquired pneumonia due to S. aureus, the
use of this antibiotic for the treatment of this indication will generally
be empiric, and, therefore, involve empiric coverage of this organism.
Thus , the development of resistance in this organism is important to the
labeling regardless of whether or not S. aureus is included in the
labeling, as this drug will most frequently be used empirically in the
treatment of community-acquired pneumonia.

—

—



17. Recommendations for the use of
of Comnnunity-acquired pneumonia due
and atypical pathogens:
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levofloxacin for the treatment
to routine bacterial pathogens

—

In summary, based on the above data, the Division is justified in granting the
Sponsor the claim of efficacy in the treatment of community-acquired-pkeumonia
caused by Haemophilus influenza, Haemophilus parainfluenzae, Moraxella

catarrhalis, Staphylococcus aureus, Streptococcus pneumonia, Chhmydia
pneumonia, and Mycoplasma pneumonia.

The small number of isolates for Klebsiella pneumonia and Legionella
pneumophilia are insufficient to support inclusion of these organisms in the
label. However, the sponsor has requested reconsideration of the exclusion of
these two organisms by the inclusion of cases from the supportive trials. This
reanalysis is summarized in an addendum attached to this review.

The recommended dose of levofloxacin for the treatment of community-acquired
pneumonia is 500 mg given either intravenously or orally every 24 hours for 7-14
days .

The Medical Officer recommends a Phase 4 agreement for su?=weillance for the
development of resistance to levofloxacin in Staphylococcus aureus and
Streptococcus pneumonia.

Karen A, Frank, M.D., FACP
Medical Officer, HFD-520

cc : Archival: NDA 20-634
Archival: NDA 20-635
HFD-520/MO/RHopkins
HFD-520/MO/KFrank
HFD-520/Stat/NSilliman
HFD-520/TLMO/MAlbuerne
HFD-520/DepDivDir/RAlbrecht
HFD-520/DepDivDir/LGavrolovich
HFD-520/ActgDivDir/DFeigal
HFD-520/Stat/DLin
HFD-520/Pharm/SJoshi
HFD-520/Micro/DKing
HFD-520/Biopharm/FAj ayi
HFD-520/CSO/FLesane

—

—


